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presentation of some three dimensional plots giving

some indication of the lateral spreading. In

addition, jet trajectories defined by minimum

temperature and maximum velocity give • qualitative

indication of the location of the jet within the

cross flow. Results of a model from a previous

temperature study are presented in some of the plots

of data from thiswork.

Durin B injection from all three injection

locations (inner wall prior to the turn, outer wall

prior to the turn, and outer wall into the turn) a

migration of the injected fluid toward the inner

wall is observed both from temperature and velocity

fields.

Penetration into the cross flow is shown to be

affected as follows: increasing injection jet

momentum increases penetration, increasing the ratio

of the Jet density to the cross flow density

increases penetration, and increasing spacing

between jet• in multiple jet injection increases

penetration.

Lateral spreading seemed to be greater during

higher momentum injection and during injection from

the outer wall.

The above conclusions appear consistent with

ii
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mechanics of jets, turbulent profiles are generally

considered to be self-similar, that is, the velocity

profiles remain similar with respect to the space

variable. Discussions on similarity solutions for

the free jet can be viewed in works by Abramovich [1]

and Albertson [2]. Using the idea of the similarity

solution, it becomes evident that in the fully

developed region of a free jet, the jet boundary

layer Brows linearly as a function of distance from

the origin, i.e.,

b = s (II.1)

core transttiou fully-developed
_eeion _L resion _1_ resion

_: I -I- .. ---- --

---I--.........I _

Figure 5: A turbulent free jet [18]
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begin to flow in the direction of the favorable

pressure gradient, or into the low pressure region

behind the jet. This action sets up a pair of

vortices, causing the jet to become kidney-like in

shape as seen in the figure below.

U

Figure 8: Vortex pair formation in a jet.

This induced vortex action is held partially

responsible for the entrainment that occurs in cross

flow injection situations. Platten and Keffer

show that the increased spreading rate associated

with this injection configuration is attributable to

this vortex pair formation as well.

Just as the free jet was disassembled into its

three basic regions, the single jet in a cross flow
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18

._]..q_= pel*V e (II.6)
d{

where 0 is the density of the cross flow, 1 is the

perimeter of the turbulent resion, and V e is the

entrainment veloclty, or the velocity with which the

turbulent front is advancing into the cross flow •t

• particular _.

Equation 11.5 shows E being used as •

correlation coefficient for the entrainment velocity

that uses the vector difference between local jet

and local cross flow velocities. The value of E was

found to fall in the range of 0.4 to 0.5 for Vj/V

ratios ran•ins from five to 20. This correlation,

however, is intended for a uniform •tea cross flow,

and be•ins to break down under acceleration.

Hoult et al [13] show an asymptotic solution for

Jet trajectories compared to experimental values at

various velocity ratios. From this investiEation,

yet another description of entrainment velocity was

developed. In this correlation, the description of

entrainment is dependant upon the difference between

local jet velocity and the parallel and normal

components of the cross flow velocity. It contains

two entrainment coefficients.
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Using figure 13 as 8 guide, a radial movement

within the combustor is from wall to vail as shown

by the arrow placed beside the five-probe rake.

Azimuthal movement is an angular displacement

through the turn as shown by the curved arrow.

The rake of probes consists of 10 distinct

probes at five locations (spaced at 3.57 initial jet

radii apart). As can be seen in figure 14. the

probes are located 0.50 inches (12.7 mn) apart

$ivin$ a total rake width of 2.00 inches (50.8 mn).

At each location exists a pitot-static tube. 0.167

inches (4.24 mm) in diameter for the measurement of

total and static pressure from which velocity can

be calculated. Tack-welded to each pitot-static

tube is 8 chromel-alumol thormocouplo measuring 0.01

inches (0.254 mm) in diameter for temperature

measurement of the flow.

Total and static pressure values from each tube

are routed to five individual pressure transducers.

The transducer used is Setra Systems High

Accuracy modal 239 for pressure ranging from 0 to

0.2 paid. An excitation voltage of 24 volts is

required to operate each device. The output of the

transducer ranges from zero to five volts and is

directly proportiona_ to the input delta pressure.
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Appendix 2 jives full details of the device by

presentinj 8 factory specification sheet.

Fijure 14: Pitot-Static/Thernoconple Rake
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Each thersocouple is routed to a svitchin8 box

and ultimately to a model 400A Doric Trendicator

di|ital temperature measurins device. The Doric

Trendicator is equipped with an analos linearizin8

circuit. This circuit reads the LED display of the

device and outputs a voltase in nillivolts identical

to the number on the display.

All five transducer outputs and the five analo|

temperature sisnals are then routed to an IBM

personal computer, model IT. Since the si$nals are

analo|, it is first necessary to process them

throujh an shales to disital conversion system. The

system used in this case is the Labmaster model

manufactured by Tecmsr, Inc. This particular board

allows 12 bit accuracy. In addition, it is possible

to channel the input sisnal throush a prosrammable

|sin so that it remains as near full scale as

possible for the most accurate conversions. The

software used to take and process the data as it is

converted or typed at the keyboard was written

entirely by this author. Addltionally, pro|tannins

to output information as plots or in formatted form

was written by this author.

The system also has some supportin$ apparatus

that should be mentioned here. A major component
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power to the natural 8as valve thereby closinj it.

Three DC power supplies are used in this

experiment, as well. One is used to supply power to

the safety control mechanism. The other two are

mounted in the transducer panel supplyius the

required excitation voltase for them.

3.2. Exoerimental P__es

When one wants to run an experiment usin8 the

model reverse flow combustor, one simply operates

throush a computer and 8 series of computer

prosrans. This series of pro|rams can be viewed in

Appendix 4. Found in Appendix 3 is a detailed

version of the experimental procedure includin|

crucial start-up and shut-down procedures. The

first 8eneral purpose of these prosrams is to create

a means by which to acquire and store pressure and

temperature data and calou'late velocities.

Secondly, proper storase |ives the ability to later

retrieve this information and print it so that each

experiment can be properly and eastly identified.

With the IBM XT at the experimental site, at

the outset of each run, one must input relevant

information via the keyboard. This information

typically characterizes the experiment in progress.
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Specifically, the followinj must be identified:

1. Filename
2. The row in which Jets appear, if any
3. The number of dilution Jets, if any

4. The number of unused Jots between opetatins

Jets
5. Choice of azimuthal data tekin8 incre-

ment.

6. Combustor pressure
7. Barometric pressure
8. Combustion air flow rate

9. Primary coolins alr flow rate
10. Dilution Jet air flow rate

11. Natural sam flow rate
12. Coolin| Jot temperature
13. Cross flow temperature

14. Six wall temperatures

The software saves these values for future

reference. Additionally, the software performs all

the necessary conversions to metric units as well as

placin| the manometer _ readinss into the

correspondin$ cal ibration equations. After

displayin8 each calculated value, a provision is

made for adjustments to the subsequent opezatin|

conditions. If any ate requited, all calculations

are re-performed. Lastly, the software then sots up

the data acquisition procedure. Automatically, five

delta-pressures ate taken from the five pitot-static

tubes while temperature data is taken one

thermoconple at a t.ime. After the set is taken.

velocity is calculated and appears immediately on
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course, pressure and tenpertture neesurenents are

taken so that detailed tenpersture end velocity

fields can be ezsnined vtthin the conbustor.

l"
x_,

T EXHAU._.ST,"_, S STATIONS

/ JET .'V

._j_ 5 PITOT-STATIC TUBE

FL=_OW I! !i _ ",_%'"/._%_74 THERMOCOUPLERAKE
I I

T _ _ _._ t POINT-C'-- ^
INJECTION ' "_eTART OF
POINT B TURN SECTION

Fisure 16: Conbustor Cootdinetes end Messurin8

Sections [20]

Hoverer, in addition, there sre SoTernin$ quantities

thet provide uniqueness for each |lTen procedure.

The first of these qu_ntities is the density ratio,
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cross flow velocity for th_s rib ranses from eisht

to 12 m/s while jet injecton velocities are

normally between 12 and 22 m/s.

Thirdly, a characterisin| parameter, injection

jet spacing ratio, St, is defined as follows:

Distance between Jet centerlines
Sr =

2b o

This variable in the operation of the combustor

allows one to examine the effect of brin|in| •

individual Jets closer and closer toaether. In

addition to this varlable, there is a variable

¢oncernin| injection jet location. Injection can

occur from the inner wall (the wall with the smaller

radius of curvature in the turn section) prior to

the bend or from the outer wal 1 prior to the bend or

in the bend.

With these characterizin| parameters, the

analysis of the acquired data is more sensibly

accomplished since detailed information is available

as to how the dilution Jets compare with the cross

flow.

With the acquisition of temperature, total

pressure, and static pressnro at fivo probe

locations, local velooity is calculated as follows:
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1 I12

(PT- Ps

V I =

Pl

This relation for velocity is found from the

Bernoulli equation. Of course, this assumes that

the measured flow is incompressible and suffers from

no frictional losses. In this investigation, Ma is

typically 0.02 for the cross flow and 0.05 for the

jet. With this information, it can be said that the

compressibility effect on the accuracy of the

velocity neasurin| device is negligible for this

purpose. Also, since the Ma is much less than one,

it can be said that there is never a significant

deviation between impact and static temperatures.

One can nov effectively characterize an

experiment in the reverse flow conbustor and have

confidence in the quantities bein8 measured.

Presentation of the data from this experiment

is done in 8 variety of plots. Information plotted

on them are generally normalized temperature and

velocity profiles. The normalization for

temperature is derived from the pattern factor Pf, a

parameter used to examine temperature non-unifornity

within combustion chambers. The pattern factor is

defined as:
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pf =
(Tna x - Taw e )

(Taw e - Tjo)

The nornalized tenperature relation used here is

defined as:

(T 1 - T)

(Tic - T)

The norna.lizatlon of velocity is as follows:

T S

V1

V

This nornalization sires the deviation fron the

cross flow velocity anywhere in the combustor.

Cross flow conditions are the tenperature and

velocity one finds at the first azinuthal measurin$

station, nidway between the outer and inner vails.

Pisure 16 shows that the first azinuthsl nessurin|

location is the one innediately _ before the turn

section.

For purposes of plottin| sinplicity, the oonbustor

sketch shown in ftsure 16 yes unwrapped, such that

the inner vail becane a strsisht line, and the outer

wall becane a nathenatical curve north| closer to

the inner vail depictins the area decrease that

occurs in novin8 through the conbustor. Shown in
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fiaure 17 is a set of radial normalized temperature

profiles characteristic of this conbustor at the

lover Dr vith no dilution Jet injection taken from

the center probe of the rake. The numbers alan| the

bottom curve (the outer va11) are the azimuthal

abscissae locations correspondins to those in fi|ure

16. Looking closely at the first azimuthal test

location, one can identify nine tests points that

move radially from the inner vail to the outer wall.

The one nearest the inner va11 is radial position

95, the next one tovard the outer vail is 85 and so

on until one arrives at that point closest to the

cuter vall vhich is labeled 15. As one moves

azinuthally throush the conbustor, one can see that

the number of radial positions decreases. At the

exit, for instance, only five radial positions

ezist: position 95 at the inner vall throush

position 55 at the outer v811. The area decrease

can be seen by noticin8 that the outer wall has

moved 8isnificantly closer to the inner vall. More

specifically, there are nine equally spaced (1.56

initial Jet radii) radial positions at azimuthal

stations one throush five. Azimuthal station six

has ei|ht radial positions, azimuthal station seven

has seven, azimuthal station ei|ht has slx, and
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azimuthal stations nine and ten have five radial

positions.

At the top of the plot is • set of information

that characterizes the particular plot. In this

case, we see Dr = 2.23 identifyin8 the cross flow

temperature, and a zero 7 due to the fact that there

is no injection, and an Sr labeled "no injection"

to avoid confusion.

Upon examinins the profiles themselves, one can

see that at each azimuthal station, the profile can

move to the ri|ht or the left of the abscissa (lines

drawn out by the probe tips durin8 radial movement).

Moving to the risht indicates a temperature that is

sreater than the cross flow temperature. Movin| to

the left of the abscissa indicates that the local

temperature has fallen below that of the cross flow

(and • has become positive). In the case of Jet

injection, it is not uncommon to observe profiles to

the extreme left of their respective abscissae.

Examinin8 fi|ure 18, once observes • set of

normalized velocity profiles for the same flow

conditions as those for the temperature profile in

fisure 17. The plot is identical except for the

masnitude of unity for the normalized quantity. In

this plot, movement to the rlsht of the abscissa



47

indicates a velocity that is sreater than the cross

flow velocity. Conversely, movement to the left of

the baseline Indlcates a velocity aasnltudo less

then that at the cross flow location.

FiSures 19 and 20 make use of the five-probe

rake. These plots are referred to as lateral

representations of the flay conditions. Both

fi$ures 19 and 20 indicate nornslized temperature

profiles, but these can be made for velocity as

well. In the case of fisure 19, represented is the

lateral span of the rake at one particular azimuthal

location and one particular radial position. Zn

fi$ure 20, a three-dlmenslonal view is constructed

by usln| all the radial positions at a siren

azlnnthal station. As can be soon on these plots,

all the charscterizin8 infornation is present

includin8 data locations.

Bach ,w+,, siam shown on the plots 18 a data

point. Etch data point, as discussed earlier, is

constructed from various temperature and pressure

information. Xn this experiment, every temperature

and pressure measurement is actually an averase of

25 samples. The shales to disital conversion

software is sot up so that 25 samples are taken, the

averase calculated and stored and the standard
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deviation calculated and presented. This method of

data acquisition alloys the experimenter to obtain a

reasonable average from fluctuating conditions. In

addition, the calculation of standard deviation is

helpful in the error analysis. Also, a |roving

standard deviation indicates some problem vith the

data gathering apparatus and alloys one to search

out the problem before it propagates through all the

data.

Using s conservative error analTsls clearly

documented in detall in Appendix 5, the followlng

errors are expected. The values listed are

percentages of the indicated quantity.

Temperature, T ± 1.25

Pitot-atatic pressure, PT - Ps 2 4.25

Velocity, V ± 2.75

Normalized temperature, _ 2 6.$5

Normalized velocity, T • 6.65

Momentum ratio, $ _ 185

Denait7 ratio, Dr _ 6.45

On the data plots, the error in • corresponds to _3

data point vidthe. The error in T corresponds to

_0.25 data point vidths.
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CHAPTER IV

CONCLUSIONS FROM PREVIOUS REVERSE FLOW COMBUSTOR
STUDY

Prior to presenting data and conclusions from

this investigation, a summary of the conclusions

found from the previous temperature study [18] is

given below. _ta a presentation of the model

formulated in the previous work, calculated dilution

jet trajectories are shown along with the

experimental trajectories of this work where

possible in the next chapter.

The summary is as follows:

1. Increasing density ratio gives rise to a deeper

penetration of the jet into the cross flow.

2. Increasing momentum ratio gives rise to a

deeper penetration into the cross flow.

3. Inward drifting phenomenon identified due to

the nature of the flow accelerating along the

inner wall.

4. Longitudinal acceleration suppresses single jet

thermal spreading rate.

5. Confinement effect, measured by the ratio of

channel height to inltial Jet diameter,

suppresses tra'jectory as spacing ratio

53
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decreases,

Snoothin| of radial tenperature sradients

occurs far before the exit.

Tishtly spaced roy of Jets injected fron the

inner vail attaches to that vail, shieldin| it

fron the outer hot strean. Injection fron the

outer vail penetrates deeply into the cross

flov and does not attach to the outer vail.

Very low nomentun flov injected fron the outer

va11 tends to stay there thronsh the turn.

Apparently, proper injection can result in •

desired tenperature profile.



CHAPTERV

SINGLE _ET IN_ECTION DATA AND CONCLUSIONS

In this chapter, a representative group of

single Jet injection configurations vii1 be examined

in detail by looking closely at radial and lateral

plots. To obtain a representative group, one must

look at injection from the inner wall before the

bend (14.67 initial Jet radii upstream, point A in

figure 16), injection from the outer yell before the

bend (14.28 initial Jet radii upstream, point B in

fljure 16), end injection from the outer Tall into

the bend (5.53 Initial jet radii into the bend,

point C in figure 16).

Enough information must be examined so that

trends associated vith changing momentum and density

ratios become evident. In this-section, spacing

ratio is not important.

Belov, find observations from individual tests

vith conclusions drawn from all of then at the close

of the chapter.

To properly analyze the effects of dilution jet

55



in



57

dominated flow attempts to negotiate the turn like

an lrrotation81 one. For this to occur, a greater

acceleration at the inner vail vlth respect to the

outer wall is necessary. It is 81mo thon|ht, that

due to this Steerer acceleration, a drifting inward

of mass is expected to satisfy conservation of mess.

Lastly, pressure must increase from inner to outer

yell to support the turntn$ fluid.

Generally, to identify a temperature trajectory

of cool injected fluid, one connects the minimum

temperature at one azimuthal position to the minimum

at the next. However, in doin8 this, one must be

careful to consider the profiles with no injection

to avoid choosin| an inappropriate maximum _. In

tdentifyin| velocity trajectories, one connects the

maximum velocities. In this case, one must clearly

consider the tncreasinsly skewed profiles that

appear thronsh the turn section. ,Typically, dnrin|

injection, one sees a velocity decreso downstream of

the wake erected by the "cylinder 'P of fluid that

obstructs the flow. As one moves from the injection

wail, a jump in velocity is detected lndicatins

probe movement out of the wake and into 8 resion

where velocities become |rester than those expected

with no injection.
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5.2. Low N__m_p_um TR_ection--Outer W•l_--Prior to

Examining figure 21, one can see that at

azimuthal station one, •11 values of _ are affected

except the two nearest the inner vail. These

positions are shoving a temperature decrease, and

hence, • _ increase. Radial position 65 shows the

naxlnum _, thereby qualifying for the trajectory

location.

At azimuthal station two, a significant

temperature decrease occurs st radial positions 45

throush 95 with a maxlnum • occurring at 75. This

shows movement closer to the inner wall.

At azlnuthal station three, significant

temperature deterioration occurs at positions 65

through 95 with maximum deviation occurring at

position 85. Azimuthal location tout shows lower

temperatures st the inner wall with maximum

occuring agian st position 85, shoving the thernal

trajectory quite close to the inner vail.

Azlmuthal stations from this point to the exit

show temperature decreases at the inner wall region,

but no maxima can be Identified. Xt can be said

qualitatively that the injection Jet doe• migrate

toward the inner wall even at these locations, but
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lesser distance dovnstzssm as veil. Vhen one

considers a free Jet as a very crude approximation,

one sees • deter/oration in velocity proportional to

the inverse of the distance from the virtual orlsin,

sivin$ vclocltlos at the start of the turn section

already much less than that of the cross flov. Vtth

this in mind, these velocity deviations seem

ressonable.

5.3. _ _entun Injection--Outer Vail--Prior to Ben_

Ezanininj the temperature profiles for hish

momentum injection from the outer vail (I = 9.74),

one observes that all the radial positions of the

first azimuthal station are shovin8 a temperature

decrease. The maximum v occurs st radial position

65, qualifyin8 this as the trajectory position.

Radial position 85 shovs the mazimum

temperature decrease st the second azimuthal

station, vhtlo the brunt of the coolinj seems to be

at radial positions 45 throu|h 95, near the inner

vall. The indication here, •|sin, i8 that the

thermal trajectory is movinj tovsrd the inner v811.

At azimuthal station three, radial positions 65

throush 95 indicate coolin8 due to injection. In
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then, is near the inner wall at this point, but is

not technically definable.

Asinuthal stations three, four, and continuin|

dovnstrean have snoothed so that no velocity

deviation is detectable.

5.4. _ Mop, Lp.]_ In4ection--Inn_ _ _ B__l

Exaeininl the tenpereture plots shorn in fi|nre

25 for inner wall injection at _ - 5.80, one sees st

azimuthal station one, 8 lezge tenperature decrease

in all radial locations but the one nearest the

outer wall. Naxinun • occurs at radial position 65,

labelin$ that position as the trajectory location.

Azinuthal station two exhibits a sinilmr

variance fron the no injection profile ulth the

8reatest tenperature deviation o©currin| at radial

position 75, near the inner wall. This indicates

that after s penetration into the cross tier, the

Jet basins to el|rate back tovard the inner wall.

Continnin$ with this thoushto ms one exssines

ezlnuthal positions three and tour, one finds that

naxinun • occurs at radial position 85 in both

cases. This shove s continued novenent ot the

thermal trajectory back tovard the inner wall vith

novenent dovnstresn.
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Further downstream, a definite cool reaion

exists at the inner wall for quite a Ions distance.

In fact, more coolius at the inner wall with respect

to the outer wall is evident even at the exit.

Apparently, mixins at the inner resiou is less than

that at the outer wall.

Kxantnins the plot of ¥ shown in fisure 26, one

should he aware of the profile for no injection.

Upon observance of azimuthal station one, the

expected wake is evident from the inner wall out to

radial position $$. Recall that for injection from

the outer wall, the wake re|ion was located from the

outer vail toward the center. The expected velocity

Jump does occur at radial station 45. This station

also serves as the trajectory location since it is

also the local maximum T.

&zimuthal station two indicates a similar

profile as above. Once asain, the wake effect is

evident at the inner yell from radial positions 55

to 95. At position 45, one sees a peak velocity and

one that qualifies for the trajectory location.

After this point, smoothin| of the velocity

profiles causes difficulty in identifyiu8 trajectory

locations. A quick'observation here is that in the

inner wall injection confisuration, velocity
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trajectories tend to deviate more from the

temperature trajectories than in the outer val I

injection case. Also, the velocity trajectory does

not mlzrate as percaptably toward the inner wall as

the temperature trajectory.

5.5. Htsh Momentum In_ection--Inner ya11--Pr_or to Ben_

Fisure 27 indicates at azimuthal position one a

silnificant temperature deterioration near the inner

wall. In this case, the maximum v occurs st radial

position $5, the first trajectory location. In this

hijher momentum ease, 811 of the temperatures aloha

the station have been lowered, 8ivin8 rise to the

idea of sreater penetration due to Ireater momentum

ratio.

Temperature profiles at azimuthal station two

show a similar behavior but not quite as skewed as

station one. Here slain, all temperatures seen to

be affected, but not to the sane delree as in

station one. The trajectory location is at radial

position 55.

Azimuthal station three basins to flatten

somewhat, but a maximum is still observable st

radial position 65. Kven azimuthal station four

shows a maximum, als_ at position 65. After this
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position, considerable cool ins is seen throushout

the combustor, slthoush coolin8 at the inner well is

much more pronounced. This set of profiles shows

that even at this elevated momentum ratio, •

mi$rmtion toward the inner yell is evident after •

deep penetration into the cross flow.

Radial velocity plots shown in fi|ure 28 for

this injection confisuration show behavior

consistent with the temperature plots. Upon close

examination of the initial azimuthal station, the

lower wake velocity is observed at radial positions

$5 throush 95. At location 45 a Jump in velocity

occurs with ? peakins at position 3S. Position 35

is marked as the velocity trajectory position.

At azimuthal station two, the expected velocity

jump is seen near position 45 with the peak in Y

occurrin8 at radial position 35, clearly markin8 it

as the trajectory location.

Downstream of 8zlmnthal station three, the

profiles besin to flatten out and take the form of

those seen vlth no injection: s positive velocity

8radient sets up from outer to inner yell.

$.6. Low _ In4ection--Oute: _ _ Bend

This injection cbnfijnration differs from 811
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those presented earlier in tha,t it delivers dilution

cooling air from the outer wall 5.63 initial Jet

radii downstream of the start of the turn section.

Upon examining figure 29, the most obvious

change is that the first two azimuthal measuring

locations are uearl7 unaffected by the upstream

injection.

Dramaticall7 at station three, there exists a

highly skewed profile with maximum • occurring at

radial position 35. Radial positions 55 through 95

show almost no temperature change whatsoever. This

shows that penetration here is limited in comparison

to the upstream injection locations. Obviously,

maximum • and the trajectory location are at radial

position 35.

Azimuthal location four shows significant

temperature reduction at radial position $$, the

recognised trajectory position. Note here that

temperatures at both vails remain near those

observed with no injection. Little spreading of

the jet has occurred by this azimuths1 location.

Azimuths1 position five, however, begins to

show significant cooling along the inner vail, while

the outer yell remains at its previous temperature.

This serves as yet another confirmation of the
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downstream show no evidence of vc locity

trajectories, with the profiles zesumins the

typically irrot•ional one of the no injection plot.

5.7. _ M.qLg.LLV.! Injection--Outer _ thi Bend

The temperature profiles shown in fiaure 31

present results for _ = 9.81. Suet as in the case

of low momentum injection into the turn section, no
I

detecable chanse occurs at the first two •zimuth•l

stations while the third sees • major temperature

decrease. Positions 65 throu|h 95 appear unaffected

at station three, vlth shevins besinnlns at station

55 and the maximum • occurrin8 at position 35. Note

that this trajectory, as well as all the others, is

nar_ed on its associated baseline.

Azimuthal station four shows marked skevin8 as

veil, with its maximum _ occurrin8 at radial

position 75, shovin8 a defintto-miaration of the

hiah momentum injection toward the inner yell.

Azimuths1 locations five and six ahoy an

increase in • as one moves toward the inner yell.

In both cases, maximums occur at the radial position

nearest the inner yell (9$) or at most, one position

away from the inner yell (85). Amain, this is

aaron| evidence 8n|jestin| misration toward the
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all the profiles, and make _onclusions concerning

the |sacral bahavior. In summary, the follovin8

conclusions are evident from these profiles:

1. Without injection, temperature profiles show a

pattern factor vlthin reasonable limits set up by

operational combustors. Generally, a low

temperature re|ion exists alone the outer wall of

the combustor due to heat transfer throush the

vails. Velocity profiles show a fairly uniform

condition at the inlet to the turn section. As the

inertially dominated flow attempts to ne|otiate the

turn like an irrotatlonal one, particles at the

inner wall must accelerate with respect to those at

the outer wall. This |ives rise to an increase in

velocity at the inner wall with respect to the outer

yell. In addtion, an ares decrease throush the turn

section causes an increase in velocity. As the

acceleration occurs alone "the inner vail,

conservation of mass calls for a movement of fluid

toward this resion. Also, pressure increases as one

moves from inner wall to outer wall in the turn

section.

2. The injection of coolin8 air at the inner wall

before the bend, the outer wall before the bend, and

the outor wall into the bend ell cause sisnificant
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changes in temperature and velocity downstream of

their respective injection locations.

3. The |rester the momentum ratio, the deeper the

penetration into the cross flow accordin| to both

temperature and velocity profiles.

4. The |rester the density ratio, the deeper the

penetraton into the cross flov.

5. Ni|rstion of the injection Jet tovsrd the inner

wall occurs durins injection from 811 locations.

This indicates that the centrifu|sl effect of •

heavier fluid naturally movinj toward the outer wall

of a turnins channel is overcome by the pressure end

mijration effects discussed in (1).

6. Both theme1 and velocity trajectories allow one

to make the sane statements concernin| Jet movement

in the cross flov, althoush they rarely coincide.

for all azlmuthal stations.

7. Althoush still qualitatilely consistent,

velocity and temperature trajectories show a jroator

deviation from eeeh other durin| injection from the

inner yell. The velocity profiles typically show 8

deeper penetration end 8 slower return to the inner

yell than the temperature traJe©tories. This is due

to the recirculatton zone that is set up dovnctreem

of the injection location. Dnrln8 injection from
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the inner vail the trajectory novas back through the

radial poaitons associated with the wake reaiou,

but further downstream.

8. Durinj injection from the inner yell. coolin|

and increased velocities are nero apparent alon| the

inner vall even at the exit sirius rise to the

conclusion that • Jet injected fron this wall

experiences less mixin| due to its position.

9. Velocity and temperature profiles at azimuthal

stations nearest the exit for outer vall injection

prior to the turn and in the turn are quite similar

for similar injection conditions.

10. Lipshitz [18] developed a model to predict the

centerline of an injected jet from conservation

equations and empirical relations. Three velocity

and three temperature plots from those discussed

above have computed model trajectories marked on

them for comparison. Asreement is poor for all

cases except velocity trajectory from the inner

va11. In this case, thoush, too fay veloclty

trajectory locations are identifiable for a

conclusive comparison.

5.9. _ Distributions

Also plotted for various azinuthal locations in
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giving evidence that lateral spreading is not

complete. The plots for 120 e and 180 e show that the

temperature distribution has returned to one similar

to that for no injection, indicating that spreading

across the rake vldth is complete.

The set of plots for outer wall injection at a

high momentum ratio (figures 41 through 44) shows

similar behavior to the low momentum configuration.

At the high momentum ratio, though, lateral

spreading seems complete at an azimuthal value of

600 . This is faster than the low momentum

configuration.

Three-dimensional lateral plots for injection

from the inner vail at a low momentum ratio (figures

45 through 48) and at a high momentum ratio (figures

49 through 52) show similar behavior. In both of

these cases, lateral spreading does not seem

complete at 60 e . By 120 e, however, profiles look

no different than those for no injection, indicating

that lateral spreading has surpassed the width of

the rake.

Finally, from the plots above, individual

radial positions can be identified and plotted. Two

plots wlth low momentum injection from the outer

wall and two with high momentum injection from the
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dimensional behavior of a closely spaced row of jets

and hov this affects trajectory.
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expected empirical information on entrainment, all

of the necessary components •re available to carry

out • careful investisatton to produce • semi-

empirical model for • sinsle jet as veil as • row of

jets.

From these experiments, then, it can be seen

thstinjection from the outer wall allows coolins at

the inner wall due to the miBration effect. This is

practically useful since injection from the outer

wall is more easily carried out. Since miBration

toward the inner v• 1 1 is ev /dent, cooler

temperatures and hisher velocities can be developed

there. If cooling of the outer wall is desired, the

leakase of coolin$ air from the outer wall injection

ports at low momentum ratios will result in a cool

resion •lens that yell.

Compact reverse flow combustors are • viable

• Item•tire. Flow conditions within them are

predictable, and desirable modifications can be made

throush dilution Jet injection.



CHAPTER IX

DATA PLOTS

The following pages contain all of the data

plots described and referred to above.
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APPENDIX I

PARAMETER CALCULATIONS

1. Velocity is calculated from the Bernoulli equation

where Ap

sity of oncoming flow.

2AP 1/2

: pltot-static pressure difference p =den-

2. Momentum ratio calculated as

j : Pier _iet

pV 2

where P. V ere cross flow conditions.

inlet
.'.V

let Area le t

°°. J 2AP

8. Oensity raUo is calculated as:
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Or Pier
P

Other parameter calculations are straightforward, and need no addi-

tional explanation.
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APPENDIX 2

SPECIFICATION SHEETS
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Properties and Characteristics

MACH NUMBER RANGE

The lowl_ uisbie limit for Pllot-Stltk: Ptob4l dl_ee on
th• 14nsittvlty of the m•dout cllvlcl uNd with the probe.
A dlffMuntlel prellllunl of 1" of wirer, lot rex•rupEe tl •lDouf
I_1 minimum thootcIm be m•Ollurl¢l with I% •ccurlcy with

O4RIIn•t_ II•nt IIilu1141tl, •o the IowlK limit Ill WproxCmllely
III 1 Ml_h NumNr of 0.06 or I vlloclty of 70 ft/lllc for air
It llllndlrd itmolphed¢ ¢ondltlofll. Th•¢ll II 11o minimum

Math NumNr lot lhe lube 1114111. The upper llmlt II It

• l_ul Mlch O+g5 lot lhe lotll prelim modln O end 0.70 for

In• ItltlC II lhOWn In Figure 1. The 11111¢ llodlng II lc-

¢urltl to O.S% fo I MIch Numl_It of O.gO Mid IO I .S% UP
to MEn 0.70. AI thll pOlnl the rJ, llbrlltlon blCOmlm Im1111c

due to the lot•orlon ot local shock wll_m on trod Ground

the tip ol the probe Ind the IleOIn O olin Vllry IMI much II

10% with lllight ChenOlll in flow condtltonll Ol proximity
tO •o11¢_ beundlrlll. A_o1fll Mlch 1.0 both the tOtll end

It•tiC rledlnOl _ ¢onllOer•Dly from true Ifrlam _IIuis

I_l they c4m be ¢ormctod fheomtlr, ally.

YAW ANO PlTCN ANGLE RANGE

If the fluid lltrllm III not plnlllll fo the _ hl41d, im, OPl
occur in both tolll llnd lltltl¢ lIMldln|ll. Thell 1111IPHI mollt

ImpOrllnl errorl In thil fyD41 oi Inltrumlnl NUN lhey

_not be corrlcIKI without liking kn4111Mm0tot ImKIInoa

_wlfh •noth4M' tylNI of prO01.

PITCH

Figunl | IIhOWl the Imrorll In 10111 end llUltl¢ prlllllurn, qm-
loclty, lind umighf liow It s_'iOUll tlw ind _ inglu.

Note thaf y•w ind pitch I_ole itt1¢1 the medlngll iml¢tly
lhe lame. The mTOrl In total lind Iltlltlc ImmlUrt

quill rlt)Idly for MISIel Of •ffllCk higher |hlm S', l_llt they

fo l:ompcmMfl lh Other Io the probe yleldl smlo¢l-

ly In¢l _llght flow fllldlngl •_urIll to r& UP to ingles
of llfllCk of 30*. Tltll II UwI _Iof llO'qlntllge Of the Pl1111dll

IOUNDARY IFFICTI

Thl lltMl¢ p_•lUm Indl¢lll lcm I• ImSllll_ 14)dlelle_l from
llolM bo_n_m_l. Figure $ IIIq_ Imw roll m Incnmmm

Indlcltld vl41ocIty _ •1 • Milch Number of 0.25.

The WoOl mwI Imtmdar/Im'm • vonfml PmmOge wt_l_ al-
ine llow and m tim tootle immuun on

iml skle. The cul_ •l_owl Utlif •1111¢ IINKIII_II• IhollM not
be take_ r, iow llton S tube dlemotors from • boumi_r Ior

I% 10c_ellcy _ 10 tllllm dilmottMI Ill Mill.

......,.+.+.,.J+._. +. f _. f+r r +.r_- +,.s-+_-f+. r+ J.+r/Ir r

REYNOLB8 NUMBER RANGE

Pltof-Bl•llc _ Irl not dllllCtly Ilfltcttd by R•ynolCIll
Numb_ Ixolpt It _ low vllocltlel. Thorlfor•, in llgulclll

Mlch Numl_r efllctl M• 1_14mf, It_lir •,41liar•finn III

mdNtlmtMIly conM•nt •1 MI vllo©lflel.

The minimum Reynold• Number for _ Iotal prllllum
mu_t Is •lx0ul 30 _ the chmrlcforllllc kmgfh
M the dllmltm of lhe Imp¢icf hole. _llow thll vlllue the

II_IIc41IIKI Impact pl_lllur• blcomel higher Ih41n the
IIIllllm Iml_lCt I_tllllUnl dull to Vlll_Olllty •ffllCtll. Thlll error
II only lIottce•bl• lfl llr uhCklr ItondorO Mmolph•rlc con-

@ltlonl for vlto_ltlee uncle" 12 fllN¢ with Impoct holel
0.010" dlemolm' or kme.

TURIUL|NC[ ERRORS

Pllot-Bflll¢ lubll Ippeer fo be InlNmlllthnl to lllotroplc
tuf1_lencl w_Ich I• the mOll common typl. Under lore•

Oondlflonl of high Inllnllty, llwgo icele lu_1_Jkmce whlch

make the Ingle of _t_-'k at • Wobe vary ov_ • wide ronge,
Ihl prowl woulcI p_mumllbly have In _ oonmlpon4tng
Iome ammlle yaw or _ttc_ angle Groined by me
II_km<:e.

TIME CONSTANT

Thl IlPl4KI of ml41ng 4oplnd¢ on the length lind dlem•ttr
of the p_isum p4msag_ In•Ida the Im'ot_, 14_ lie of the

prmlllum tubal fo the mlmomotlK, In_ the dlllpllClmlnl
IFoIume ol lhe mlmOmotlr+ The time ool1111mf II _ lhOrl

for ony ol the etendard tuba down to 11r di_le_; It In-
fllDMly tor Ilmldief dlllrl_Norll, Itorvlvm. For this

flllon 1/1S" O.O. 141Ihe 1111141111411111_ommM1ded lie for

ordln•ry ulm - thee mill Ulke 15 fo 00 •leo•ell to lllch

Nulllbdum l_l•lum wlth o_lln41_/_or hook-ups.
Tllolle ful_ll he_l _ _ III I_rrqlll 1411132" 0.0., l_Jt

time eonstent Is Is lo_S Is 15 minutia Dnd they
up very Ilslly with fin4 dirl In Ihl lit Itrt_m. If very

Imllll tubes Ire requlrecl, It II prate•bEe fo uw Nlmm, e
loud nmcl •totlc tubes r•ther Ihen me oombthed fotol4t_tlc

typo. _ irllnfofl:lng Itlnll IWI IIINICIfkKI on 11111111
llam. the Ims_ lu4_i lU_ onlarg_l _1 me imm point Io
Imetml mkslmum time oo_ltlml.

lllllllllllon thlommlkm

Ilol• _ Upotmlm, Ithl _ pllldllll Io Ittl flow dlnl_-
In4 _ •lore _mlN_ilcuW. TIqN41 PA I1_ PR (FI0.4)

m _mll _II_ Io moonftng on tlUm4_l_l ducts where
IRI p_Im Is Io be bllor1111d from lhl Oullld•. T)lXll II(; IM1d

PO ffiO. S) am deelon_ wNh _ _ u_-ofts
Im IMthlk_lo_ _ u,ifl_th me o'uct, In I_iek.,wollod dU¢ll

wls_l # le not p_otlold to im4k• in klllltloll hofl of dklm-

equal to the length of the probe tip. Flgm I I_owe
Rm#lng lengths oncl cl_ lot In_UdMllon.
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231

LOW RANGE
ii_EIIURE TRANSDUCER

Dlffor_tlsl Pmliuru: 0-I0,01 psid to 0-100 beid

(Iqeleumce I_lium: dry non-tom, re emie*)

Am•lute Pmlium: 0 - 1 pshl. 0 L.
lblr I_ £77

_ .. J It,'

Applications

• FOe' highest ii_r_-y, obliining _ nigh llnilflty,
low hyeiirelis, fill dynlmlo fl•l)Onle, _ Imlll
llmperllture ilfe¢lll, In•MIidlil41y to mellon and

vll_rlltlon, lind high Itlblllty.
* For high Iccm_.'y applications imero low power

I_umption. inol_t worm-up, encl Imlll size ,re
ilmVUl/u_

• * For mccumo low mbeoJuto prmsum (vacuum-wId(led
reference Ch•mber), end for low dlfferqmfill prNltJre
mNsurornent• when the reference premium is chmn

Features
• Inltlnt wire-up

• High OUtput: 5 volt•

or i2.5 volt•

•q 0.0_1% Repeetebillty

• O1% Hysteresis

• 0,I_ Non*linlirity

• 0.01%/'F Thermel effect11

• 0.02_ OUtput noie

• Fist meponle, leli thlln 1 mllltlico{Id dry IIr or {lls

• With•tend high oveypfollure

• Mlny Ol_rll. including mmotl control

Description
The Model 239 m • complete pmlllUm IrlnlKIu¢lr eyltlm
fOr ICCUrIII mlliur0ment of low preliureS The urtiqt_l
S•tre electronic circuitry is combined with I rugged

Olplcitance-type linsor in this trlflsducer• The high
O_l_lt Utullly mQui_l nO _ _ c_r_ltk)nlng

The pllmmme mmSil may be compltlble liquid or {ill.
The reference _llmum midis must be clcon dry eir or
non-condenuble gee (The mtemnce chamber for

Ilbeolutl prliluri unltl is wll(l-lelled it high VllCuum).

The high _ output lignll, excellent itlbilily.
combined with fist dynlmic rlllponle mike this
transducer v_U Suited for many industrial, leborltory.
Slid lerolplce applications Nlqulring the highesI

Iccumcy. This unit differ• |rol'n MO(Itl 2"JIDE, In Ihll
Idodll 2"39 hi clflfully complnlxltid tO minimize both

Ilro end elnlitiwily •hillle due f• envilonmoi'itll

Ilmpomtunl valiltiort8

• Stenderd unltl for molt ilppltcetlonl corme¢l directly
into molt A_ ¢:onvofllml Can he IttonulllKI tO milch

low kh'll IndicetorL •canmml, and Ioggerl.
• I_lny Ol_llofll lisled oll IlIck pll_e for Ipe¢lll

kltrumenlMion nledL induding remote COntrol.

• Replacing low o_ut lfrlin 041_! lyl_i transducers
Ih(I iIIocietlKI signal ¢ono'ttlonlhg, getting higher

Iocurlcy If ml_h _ (_lt.

Construction

ultirmlte in design limplicity. A ilelnleli IIcoI
dilphrllgm end In Inlullled o4e_nxle toffn I virilble
(:lpecitlnce. All _ _ incrla•Qe. _ Ca_lCIUInCe

{:hinges ThiS c4Ko4cltlnce iS detected end convorled to I
Jhloir d.c. eklctrlc I1_1 by Sltri'8 unique eieclronic

¢_rcuit

Low P_liwe iml Abeoi_ INNNm
Low range pmmmm mnoorl hew s thin etmchea
m_nleli •lO_ dlphmgm positioned _ to me
OM_Ie. I=_litiv• I_lilum _ the dilp_rlNim tOWllrd

IIh• i11¢lrockl, Inorilllnll lt_ i_NK:ltllnal. High poeltlvo
OvorpmNum pulhli the ¢lilphrlgm lgllnlt _ ellctro_e.

Full Scale Ranges
High_IX--'m mm m _m.en.._,d

•.._,r ". , v . . ; _- . d-_

..F_I_._.., + +_,I .... :.,.=+.-, .,it- . . .,.• :.@_" .;-O _" "_+- • • _'0
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Model 239 Specifications
_f 0 to 0.02, 0.2. I, S. 10. 20, 10o pslcl.

0 to _+0.01.0 1.0.5. 2.5. S, 10. SO plid.
0 tO 1. S psia.
Gases or liquids c
aluminum.Buns I_
on apociat order).

Reference pressure media:

0 to 1. S psia.
Gases or liquids compatible with Itainllm Itlml, herd anodized 6061
aluminum.Buns N "O" ltn 0. ($teinleu aides in piece of otuminum

Differential pressure
Absolute pressuro

PreSsure fittings
IExcitmtlon Power

Zero preslure output
Output impedance
Non-lineerity
Thermal affects

Zero shill (30"F Io 150OF}
Sensitivity shift (30*F to 150*F)

Volume increlse due to F.R. IFmure
Natural frequency
Output no_se
Warm-up shift (lyptcIt)
IElect riCll Connection
Weight
Meximum Working Preesure

Clean dry air or Other gee. (Non-cor'rolive, non-(:ondlm_blo).
Vacuum lelled, no reference i_rlum hooded.
1/8" - 27 NPT, internal

Nominel 24 VDC, 0 mitlilmp41flrl (0.25 wMts), 22 to 30 VDC
Reversed excitation protocted. Internel regulation minimizes effect
Of excitation variation, with <_-,_,_,_,_,_,_,_,___ FS oulPut Chlnee Will operate
on 28 VDC aircraft power per MIL-STD-704A end not'be (:leml_l
by emergency power conditions
Inlernllly IKIIUlllble I0 0my. FIC/Ory lit wilhin __20nw.
(10 ohms.

_ 1% full tinge OutpUt (mr Ilrllght line mMhod).
rebte 0°F tO 17S"F.

•:±1%FR/tOO*F(<+_2% for 0.02 and _+0.01 bald).
•:_+1%FR/100"F(<-+.2e6 for 0.02 end _+O.0t paid).
1 x t0m ou. in
2000 Hz nominal

<200 mi¢rovolts RMS (In band, 0 Hz to 10K Hz).
_'_llk totlt (-+0.2tk residull I_iit liter S minulel.

fool multlconductor Clble.
I! ounces

II_elmre Rlmlp of T_ Opm'llble Lm
0.01 end 0-0.02 pSid Near Ambient

-+01, 00.2 paid end higher Vlcuum tO 250 p,ai 0

Proof PrlmurL Acceleration ReN_nlm, Hysteresis. Full Range Output:

PmmumRmqlee Pm_l_mu_,,, A_eiw_ _ _ Ou_u_
Pa_ Neq_,e Rmpeeee lll/ll q.Feq Vam DC

LOw Prmsu_
0 IO **_01. O 1, 0 I'. ZS. S plld IOIIFIq'r lllfill')' llO 0002 qO|lb '*' OIO_S
0 tO0 02. 02.1. S. I0 Im_t _0zFR'r kFR')' _.00CQ 41)lqb'" O IO S

tO ._10. SO_1,¢1 _tFR _FR 40 06 40 l_,k 0 to 4_2S
O to _0. 100pt,d hFR _zFR _D.m_ _ 1% O IO S

AiBoiute Pmsll41fll
0101.S pl.I Sl_rlq _t_0_2 _1_1% OIOS

iMol•l ill PrOOfPrllllU_V T I_eml_ ,m_tmI_,muli Ih_ m•y be ilpl_k•dw Mim_ chllql*n_ pllt_ I_lyond
ll_l_ihr,_ N_n I_l SqbFS IWO Iltlfl)

12) Fa* zO t 0"0 2 m_ md hq_w _l_m. ue Io la_lm imml llmmw Inmum cmml ml_
(me,*mum _0 I_gl

(3) f CX'_ 1.0-D 2 I_,00n_ M_I_' re_�m. 301Flq nogel,_! WlmWe ovo_toodWoWctxm m_l_l_e gm_ (w'_w
l M_ M, ekeh_y _0h_ I_ W 02_) _ m_qWe0 _ 10 m_l. 0 _ ZSi_wd
) _ ted I_ {me Im_. _ mm mm c#s_o mv_ m _ imml_ Nwm_ ._2_

Electronic Circuit Information
Four-lermlnai equivalent ¢ircult. either ne0ative oxcitllion or
negative output should be connl¢led to Case Unit calil_reted It Ihe
leclo_ wilh hegatNt exoitatlotl (_nnlotld tO P,411e.

Oplionl:

• IqMnoll esl_rlll/O_ li6flll Sp0¢lfy _ _ m (If _UMJII_I.
• Roev_fa lll_ I_'lllufll Idiultmlnt

•e Remole _#_,lly _ment

m_._ncawS outp_).
• 1s VOC, 12 VDC. 10 VOC ex_ion, flmm_ outl_ _It_ge)
• Non-eUmdl_l _ _ (maximum 0-10V)
• COmponulod toqq_e_ltum range -_8" FIo +;_0" F. ('r_¢j m

efk_ _ olsndard)
• Im0nn_c ,u,re_y Oe_gn. (_ 1, OW. 1. _We C esd 0).

Ordedng Information
Older es Modal 239 I_rlesunl trermOuCer.

Specify preseure renge, noting dtfferontlel preuure, or ebso-
Me prellure, iN allclrlc411 _ end delired Oplioql11.

Outline Drawing

!

f; L+:: +_
AI dmmmom om In I_hm
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APPENDIX 3

OPERATING PROCEDURES

1. START UP & SHUT DOWN

START-UP

START-UP AND SHUT-DOWN INSTRUCTIONS
for the

REVERSE FLOW COMBUSTOR

Revised July. 1982

1. Verify the operation of the hanging electrical outlets.

2. Plug power supply. Ignition system, and temperature indicator

into the outlets.

3. Move blower main electrical switch to the "on" position.

4. Check to see that the "primary cooling air" valve is closed.

,

o

Open "dilution jet air" valve to 1 cm differential to prevent the
flow of hot air into the blower.

Check to see that the main and small natural gas valves are

closed.

.

8.

Set automatic gas shut-off system to "off" position.

Set S-way natural gas valve to "upstream to main valve" posi-

tion (pointer to the left).
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9. Set temperature indicator to monitor central probe of the rake.

10. Supply power to the pressure transducers for delta pressure ac-

quisition.

11. Start blower by depressing the "on" button located on the re-
mote control unit.

12. Supply combustion air at 0.018 kg/sec (40 mm H20).

13. Check to see that the exhaust system Is open and the ejectors

are operational.

14. Set the automatic gas shut-off system to the "manual" mode of

operation.

15. Open the small natural gas valve (allowing flow to the central
burner only) and supply gas to the ignitor at 20 CFH (as indi-
cated on the small flow meter).

16. Activate the Ignition system by depressing the right switch and

then the left switch.

17. Listen for the sound of igniting natural gas" verify the Ignition

by monitoring the central probe temperature.

18. Increase the flow rate through the small natural gas valve to 25

CFH.

19. Open large natural gas valve, supplying gas to all burners at

0.00] kg/sec (18 mm H20).

20. Listen for the sound of ignition at the remaining burners.

21. Immediately supply primary cooling air at a rate of st least

0.065 kg/sec (55 mm H20).
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22. Switch the 3-way natural gas valve to the "gas manifold" posi-

tion (pointer to the right).

23. Close small natural gas valve.

24. Take out Ignition system plug from the hanging electrical outlet.

25. The combustor is now In the "operational" mode. Keep flow

rates within the "operational zone" while adjusting them to pro-

duce different temperatures.

Do not exceed exhaust temperature of 1292"F (700"C).

Do not exceed bend wail temperatures of 932"F (500*C).

Do not force the scanning mechanism. If it becomes Immov-
able due to thermal warpage, allow it to cool, thereby relieving

the stress.

Do not over-tighten dilution Jet plugs.

than hand tight.

Close only slightly more

26. Set automatic gas shut-off system to the "automatic" position.

SHUT-DOWN

1. Close natural gas main valve.

2. Allow blower to continue running until the wall temperature has

dropped to f40"F (80eC).

3. Shut down the blower by depressing the "off" burton on the re-
mote control unit. Close all air valves.

4. Move automatic gas shut-off system to "off" position.

5. Move blower main electrical switch of "off" position.
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B. OPERATING PROCEDURE

If using a multiple probe, call program sectry 2. bas.

Before beginning, If pressure transducers are to be used, call

trantes, bas. Upon running it will ask for a channel number.

Channel numbers zero through four correspond to transducers one

through five. The act of typing a channel number and returning

causes 25 pressure measurements to be taken, and the average to

be calculated. The last number In the column is the average.

Write it down and save it for each transducer.

Load your choice of program for multiple or single probes. It

will first ask what the zero values for the transducers are. It will

then ask for a jet raw location. Number one is the location furlhest

into the turn, number two is the second run in the turn. number

three is prior to the turn outer wall, and number four is prior to the

turn inner wall.

The next question asked is how many operating dilution Jets

exist. Answer with the appropriate number. Following this, answer

how many non-working Jets exist between each set of two operating

jets. The next question asks which azimuthal Increment is desired.

Answer with 1 for 10 degrees, 2 for 20 degrees, etc. The follow-

Ing two questions ask you to name an introductory file name and a

data file name. Do so.

Following that, manometers must be read for the various flow

rates. The program will then ask you to enter values and pres-

sures. The units are usually mm water differential and are men-

tioned in each question. Required entries are: combustor pres-
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sure. combustor air flow rate. natural gas flow rate. dilution jet flow

rate, and barometric pressure.

Following pressure input, one must key in cooling jet tem-

perature, cross flow temperature, and six wall temperatures

(numbers five through ten) In degrees F.

The computer will give you back all of the input parameters In

SI units, and ask you for your first temperature. Locate the probe

where It asks (should be radial position 95, and zero azimuthal de-

grees), press butlon 11 on the Doric trendicator and press F5 on

the keyboard. On the Doric, keying F5 on the computer after

each. After 15, the pressures are all automatically acquisltioned,

their values printed along with the calculated local velocities. The

computer will then tell you where to locate the probe. Do so. Re-

peat the above procedure.

To plot out data radially, choose lasplmpt, bas for temperature

and lasplmpv, bas for velocity. The program will ask for introductory

and data file names. Supply them and the plot will be made.

C. Thermocouple Locations

THERMOCOUPLES

1. Right Burner

2. Middle Burner

3. Left Burner

4. Straight Inner Wall
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5. Inner Wall at Middle Bend

6. Outer Wall At Exit

7. Outer Wall at Middle Bend

8. Straight Outer Wall

9. Side Wall at Middle Bend

10. Side Wall at Exit

1 1. Rake

12. Rake

13. Rake

14. Rake

15. Rake

16. Jet Injection Port

17. Exhaust Port

18. Single Probe
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APPENDIX 4

COMBUSTOR SOFTWARE
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i. SECTRY2.BAS--Data Acquisition

1u DIM TF..SE',.".5,

5':' Dlm ZEC.._:5,

5:. |lJFi..J"f "=ero(O)"; ZEROs(,?

7L' ]NFdT "zero(1.'"; ZERC(IJ

8'? ]NFI3_ "=erode)"" ZERCI2:

r_C, INc:jT "=erotZ.)": ZERO(:.)

1.>,-: IN_--'_ "=e_¢(4J"; ZEROs4"

1_:1' DIM T(4,9,1E)

1-..'.'£Iri, F 14, S. IS:

14'., DIM V(4,9.16i

154' "r_o.l.O? = I(,C,:Ttz,I.0)=IO,_::TI-'.1.0J=IOO:T(3.1.0)=lOO:T(4.1.O)=IOI:'

151 'T(I,_'..O} : IOZ'

15: _ (-'._.0_ = IOC.

15= T_:.,_,rJ) = 100

154 _(4.9.0) = 100

I_'.' F LC'. 1.0!=1._._.4.5:F (1, 1.0)=1-_4.5:F (=. 1,1")=1- _--'4-5:F' (=, 1,C))=]_:'4"5:F (4. 1.C' =1_

4.5

ITL_ V (0, 1.0._:I I. I I :V(I. I, :')=; 1- II:V_. 1. 0)=11, 11:V(:, 1,0)=11" 11: V_4" I"07=12" II

380 X = (,

451, IrJF_T "14 appIzcabl_., w:.at zs the jet ro* Io¢atzor, ll to 4)";_L

455 INcUI "Number O_ oDeratzr, g d) lutzor, jets"; NO3

4b_, _FL_ "Numbe, o_ .li_:s _etl, ei, r, o_eratlng jets(_se -1 'for single jet ar,_ no :,

t _-' ' ; N3

z?,., _= JL = l THE;_ SR} = :' ELSE IF 3L = : _HEN SR1 = 3.05 ELSE

]F 3L = ..% THEN Sr';! - :.0T ELSE IF JL = 4 THEN SEE = 2.47

475 RFM Re. One Starts at hzgP, est oute. wall location _Itl_ rows tw; an3 three

progres_lv_l.v _t lower position _- or, th_ outslOe i_all. Ro_ _ou_ _nr.lu=_

rti:_t;_i, jets _:, the irlner wail.

4 = II_U_ "k,,_'. a=_n,.'tr,_ _r,cre,:,i-,,t l:c_ vc,L, I_zs_,: 1, 1 _ _.. _. _, &"; Al

4E." [:il. ".'-,l_C_} that | = l,i" M¢_.. 1.5 : 15 d_g.. et=."

#u]_ 1ri CO_,buStDr. _]IL,, raCial po_-itlor, _5 re#e, s to prof.e pL-=_li_:

at zt_ _u]l_ e tende_ poslt:on at the cuter wall.

4=: INFU _, "What 'file r,ar,e a_,_ number *or Intro. in4ormatlon"; FIe

4:x5 INFil] "_Jhat _11e nalr, a and nulhber (or data"; FDI

497 OPEN Fll FOR DLITF'UT A_ #!

4_ OPEN FD$ F'DR DiJTFUT AS 11::

50? IN:U_ "_ombustor F'ressure linage) in mm O_ water-PF:"l F'R

5-"'> IN_JT ,rombustzon Air FIow Rate In err, ware'- dz##erential-mcr"i MER

5:b IN_LM "£oolzng A_r Flow Rate 1_i m_, water dz4_erentzal-MIR"; MLR

546, IN_U_ "Natural Gas Flow Kate zn ran, water d_erentzal-MGR"; MGF

55 IF NJ5 -1 THEN INF'UT "Multiple dilution jet _io_ rate In ran, water d_e, _r

t lal-ms3r"" MSJF:

_=0 IF NJ = -1 THEN |Nr'dT "Single 3it Flow Kate it, S._.F.M.-ms_r": MS_'F_

59, I, INF'U1 "l_ar_metri£ Pressure in inches 0_" Ng-BF'R"; BF'R

57. _ INPUT "Cooling _e; Temperature in degrees Farenhezt-T_R"; TOK

574 INF'LT "CroIs Flow Temperature in degrees Farenl_eit-TR": TR

5S0 INF'U_ "Wall Temperature in elegrels Farenheit-TS"; TSR

590 INPUT "Wall Tempera:ure in degrees FarenheIt-T_"; TbF.

_00 IN=U_ "Wall Tei4_erature in degrees Farenheit-TT"; TTR

_1",, INFL'T "W.11 Temperature In degrees Farenhezt-TE"; TBF

&;'O INF'LII "Wa] ] Temperature in degrees Farenhezt-T_'"; TgR

a'-..', INPU_ "Wall Temperature In degrees Farenhei£-T10"; TIOR

7,),', F KINT "PARAMETER VALUES SIVEN BELOW IN DESIRED UNITS ARE DESl_:._TE'-' [_', M3_'-

IF1ED VAF.IABLE N_MES AS FDLLOi_S: PR BECOMES F', TF. BE_DM.EE T. ETC.."

TlO M_ = .O03*(SOR(MER_): PRINT "mr = " ME " Lg/sec"

_" "' Me. : .OO¢_4elSDR_MLRJ): PRINT "mk = " M* " l.g/sec"

?-..K M_ = .O00:e(SOF'(PIGI:')): PRINT "rag _ " MG " kg.'se:"

"':_ IF N3 ::. -I THEN MS3 _ (,OOI=.O_)*(SOR(MSJR})/N_J:. PRINT "mr,_ = '" P.6: "Ig e..<
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7.'..-- IF rw3 = -I THEN MS,1= MSJRe5._3OOTE-04: PRINT "msj m - MS_ " kg/lec °'

'?.-'=, RErl Llres, 710 to 730 are ori_;ce meter calibration equations. The_e Jr,0

Ot_:t," e_uatlor_s It, this lectlor, cor,_elt to desil'eo units.

74 M = _- _ MI * Mr: PRINT "m = " M °' kg/sec"

75L' EF = 3.-.'3._'R: F_INT "bp = " BP " pastels"

7_:i' F" = BF • _.7r<69_eF'R: PRINT "p = " F' " pascall"

7_. T = _.7:..15 + (5/_)e(TR - 3_): PRINT "t = " T " degrees kelvln"

7_ TO = _T_.15 • (5,'_')e(T,1R - _2): PRINT "t.1 _ " T,1 ' degrees K_lvln"

7_u T5 = 27:,.15 '* (_/9)*(TSR - .=): PRINT '*t5 = " T5 " degrees |.el.'ln"

= / a _ - •7_E, _ _-_..,_ .t- (5/c_)e(T6[, 3-_) : PRINT "t6 _ " T _- " degrees Lel it, "

7;0 TT = -_7_.15 * (L','9;e(T7R - 3_-): PRINT "t7 = " T7 " degree=- _elvin'"

E,.. T[; = -'7_.15 _ (5/9)o(T8_ -- 3_): PRINT "t8 = " TS *' degrees Kelvin"

B;(_ TrY = ._7_.15 * (5,'_)*(T_R - 3=): PRINT "tg " " T9 " degrees f elvir,"

B2C TIO= _7.'.15 + {5/g_(TlOR - ::): PRINT "tlO= " TIO " degrees kii_in'"

E:."' RD = F/(DE-eT): F'Rlt;T "to • " RD " kg/Cubi£ m_ter"

64: R,_,1= F,'(:E_TJ;: PF;INT "roj = " RD,1 " kg/Cul:;¢ meter"

EIS.. V = M (R_i.0259": PRINT "w = " V " meter/liE"

;'7::. V'1 = M_C,'(Rr''1¢-'.._T4E-05): F'F:INT "vj m " V,1 " miter/see"

8:'5 F F;II_ _, "Th_ number 0'( jets ule_ for injectior, II '°NOJ

$3_ DF = R_/RO: F RIN_ "Dens;ty rat:o = ":

BE'D FF:i_ USING "@.@l"; D_

B_7 '1 = (F.nJ,,'.Ji',J_,'(F.Oi've',); FRINT "Momentum ratl_ = ";

B6 =` FFI_;X U-_ING '##.#¢ ;

Eg: ";= = SFI*(NO-I_: F FIN_ "Spl_Ing ratio = ";

,C' I:'F..Ir,_T "A:xmuth=l ancrtment, AI = " A]

$10 F'6IU] "Ir, t_ ln_o. matlor, +lie Is nan,eQ " F]I

cZ', FF:II.T "DaLa _;lle Is r, ame_ " F£'$

-5..i )l,: ;.Ji 'CHEC_ _.ALCUL-'_EL' VALUES. IF A_,1USTMEt_TS ARE REQUIRED. MAPLE THEM

GIVINb TIM£ FOF CH_r4GES TO TAKE F LA=E. WERE AD,1USTMENTS NEEDE£";P.,"

c;4.. IF F_t = "yes" THEr,_ 5.,u¢,

IC,>'T. _6:l[ I:.A?,.FI$,FL, I.,11..N,1,;:R,TR.MCR,Mt[.',MGR,T,1R,MSJR,BFR.TSR.TbF_.TTR,';F:K.

T_k._ :_ ,_L. 1: .,_,3. P;. ; ._._JoTS. 1c-.TT.TB, T;._ IO,RD.Rr'_,V,M r_'1. -'_. D_:. :_. SK. IL_ .I:.,

J

: . ; • gr I...

i. i.. ;:: ;-. l : • :

)_]_ FF,;tJT" _O:'t ra0 angle t11 it: t1_ t14

t;_ =

;u_. Fi_ll'] " pll pl- _ pl- p)4

p15'

IOTU FRINI " vli v12 vl.- _14

• 15 '

1C'S..' F'R I ;_T

1 "! ;,';.: F'R I t.;l

1130 FO;_ hZ - O T_ G STEP AI

11_u REM recall that @ re_erl to raO:al polltion 95, .5 to 55, etc.

120,, FOF: RA = 9 TO I STEF (-1)

125L_ GnsuE 60(.,c,

14 ](, NEXT hA

15_).; NEXT A:

160:; FOR h_ = AZ TO 10 STEI= AI

170(, FOR: Rh = ¢_ TO 2 STEP (-1)

175( GOSU_ 6000

19,3u NExT RA

-_J3,.., NExT hZ

_10 _' FOE hZ = A2 TO 1-- STEF hl

_15'; FOR RA = @ TO _ STEF (-1)

2 .'.,.,C GOSU6 bO,30

-"4 C,L' NEXT RA

25. i NExT AZ

_5._0 FDF A2 = AZ TO 14 STEP _I

_7(0 FOe= RA = 9 TO 4 STEP (-1)

_Ei '0 GOSUB bOOu

.._"J U NEXT Rh
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2_'5.

-_:4.

:le,.

b; '.:'

b ",=...

6] ?.

e, 1:- ;

_.,0:

6: l,.'

r4E ,:,"_ A;;

FCK AT. = A: "rE. IS ._TEF AI

FnF. RA = • TEJ 5 STEF (-1)

NE_T _A

E_3

_;_C = IOTA:

R_% = (RA * .5_-I0

F_T = F'NT "_ I

F_I;:I UEIrjr- "###. "#_I;I:

FRII.'; Uc, ING "#_1. ";RAI',:

F'_It_l USIN_ 'il#_. "_ANG;

SOSJ_ 7010 .

_Et_ At this Idea=lot, one mult Ir, Elu_e thi_ c_.mmar, d to have the co_puter

re_,In_ the oper_to, whl_L tempe, aturl pro_ is being cor, ve,-tec.

_E_ hi_ is w_,er_ rOutinE _Or _atr,_rln_ in_l_io_a] temp_ratdrk {3ate _lll O-

&_SJ'_' S:; lO

_['" r,er_ _s tlher_ th_ alg_rith_ 'for _al_ulatlng velo_|tv w_ll go

_=]-_," FD_ V£- = 0 TO 4 STE _ 1

_4; %(','EL._.A:'; = ((_ee-;0C.glB*:A_:(F(VEL,_A.AZ)_?)/(F','(:STeT(VEL,F_A,A":)); .E

-'i-_5 IJE._ VEL

¢:_5 F_-!I,T USlra3 "#="#.

_,.":.-, FF_:;;'_ uE, lr,l_ "#=;;.

, F,A. A? _ ;

¢_4 . Fr :N_ USiN "#.#t*r_=

_L:L

": ;:K] :

"; T'.;).RA.AZ_.I (1.R,_.A").'r(_.R,:;.AZ),T(--,RA, A'-'." .'T '

@. #### "; F (O,RA.AZ_ :

"; V _ ; . F_A, A_ ) . V (_, CA. (_:) , V (_. F,14, AZ ) , _.' (4, RA. A; ) :

F_I.-

I.: "_[: i,L. F_¢',_'_L.A::-.'_L'.k,;.A:'._I.P.'_.A"'.'T('_, _',A.A'_;,-:_--'._''_:'"

] _ c;,.;_, F,,;.r.A.A" .F. II.F..A._. .I-_=,F_A._. .F(-_,._._Z:.F,4.EA.A= .

%_U.F,_.A,: ._', : . F.A, A." , .'v _._, 6._, A;. ,.. V _._. F_A. A: _ . %' _4, _. A- _.

_5' _E 1 U'-L

;".'1". _E_; le,l:per_f.ure suhr_t_r,e starts h,e_'e.

7":--'? REP _,_',-O=,t_r,& tD pi=_cJr_ te,T,_er_tu_e aEQulli_tic)r, _;ro_r_ _ah, nr,_i

7:-.,'., _DD_E_- = _E,.'$

7_,4 (JUT A_DF.E_ +4, 1:,;

7r'_'i ' _E_': LIF,E :I I;]lwe,s. a, _alr, o'_ S i_Ith value _'_ _-.1

7L_b,-, OUT AbDRESS +5.

?07,., REM Line 40 d_ilgr,ates £hanne: 5 (temperature)

70@'_ FD_ I = 0 10 4 STEP 1

70;':, FRII,'T "t" l'l! "?"

7,',_'5 _EEF

T I O0 STOP

?ll_' FOR MI = I TO _5 STEF I

71_C. OUT ADDRESS _, 0

71:;-, REM LInE bO starts th_ conversion procels

7140 R = INF (ADDI_ESS *4)

715.5 REN Line 8C; assigns status byte value to r. Below. i_ a baO conversion _:

sncountered. _t _111 attempt to convert agaln.

71a:; IF R _: I:S .tHEN 71bO

7170 _ = F; AN%' 19_

71S> IF _: = 128 THEN 7-_1C ELSE 71_0

71_;') _'FINT "B_ 'r' _DNVERSIOrI": S.rDF

7;_),." SO.r_ 70_<'

7-10 REM Reld data _roff, board in l_ne 714'> an_ 715,.'.

7:_",-, L{]_ = INF {ADDRESS + 5)

7;'3':, HIGH = INP(ADDRESS "_" _)

7__4r; REM _eloi,._, i_e Ire convertirl_ to Oerln'_al nun_l:)e!'f..

7:5," VALUET = 256*HISH + LDk

7:_ IF VALUE.r _ 3_767 THEN VALUET = VALUET - a553='

"7"?C _ k'OLT_I_ET = VALU_T,,';.',.)4.8
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7-_6,? _6_'MIJ = VOLT_GETe(IOC_O)/B

_;.'_,:, X = _ + TPSD(MI)

9-.,,.-:' _'JE_I MI

-': ,?'= EEE_
7_-.l,JF'K]IJ_ "t"I-11 "=" XI(MI-I)

7;15 REr, Line 7375 has a Conversion In it 4or Faren. to gmlvlr,.

75__r_ ] (I.R_.AZ) = X/(MI - I)

73_.r, FO_. MS& = I TO 25 STEP I

734.:. FS._ = FED *((TF'SD(MIA) - _(I.RA_A7))_')/i25 - 1)

7_.5,:J NE_ _, MI_

73¢'., SD I_ = FED .5
?;7,._ P_I_ "Channel "11"I " std. l_e_o is " SD(1)

75_. _,

?4C,'i

,'410

S :,Z'-_
B. ';..>
B. --.5

B'.-4 ..
6 .;5'?

_',_._
_;75

S :.6 ..

6", I,::

F_: "..

B l "5

Bi 4;:.
S 150

B16">

81_C.

EIBZ

$I;5

820,:,
8: :_Z

B_04

S210

BZ__C_

FS_' = 0
NE,< T I

FE'_ LIRN
_EM Subro_,tlr, e to perform A'_) conve-czon O; chan_els O through 4 in the

prop_ s_quer,ce. T_e board must b_ In the 1/0 mapp_ mo_. The-se

Co_',verslon6 ar_ _or p_'O_S_Jr_.
ADDREE-: = IBO_

DU'_ A:,r,RES3 * 4. I'..C,
_E_ Line B'T.':,calls gain=4 since input is 0 to 5 wol_s (ma. 95 m.'s _

FO_ _ = ¢' TD 4 S_E _ I

O_ A_D_ES ¢ * 5, rH
RLP', Llr_e _'_C' _'_-l_'a%es channel nu_,be_.

_=1_ A3r,_.E6 = _ ¢. ('
RE_; Line 6,:.7C' sta'-tf cOr, verslor, proceclure.
£' = INP {AT.,DRESL _ z)
_E_ L_n_ _0_." as_ion _- _ro_. b_a_'_ tPi con_it2or, _ E_atu6 bvt_ _ol;_:e_ nlng

- .

IF [ IL_ THEr. 6._.

It [ : 1:E THEr: BI-C ELSE E:I-_,I'

REr_ Raa_ _.at_ _ro_:. ooar_ belo_ in linES 8;_u and 815':..

LO._ = INF (ADDKESS ÷ 5_

HIGH = INF (ADDRESS * b)

REP1 Below, w_ convert to _I_¢1_,aI values.

VALUEF = ._S¢:_HIGH + LOi.J
IF VALUEF ; _-'7£7 THE_ VALUEF :_ VALUEF - '_55.-,b'

VOLTAGEF" = V_LUEF/204.
REP; _allbratz_n Is 0.1 p_l _er _.5 volts of output.

F' (rH. RA, AZ :' _: VDLTAGEF'*rALIBR _TION, 4 - ZER0 (r'H,
y = y + F(CH,RA_'.)

NEXT F'I

F'(CH,RA, A:; _ Y/(F'I-I)

Y = C)
N_'XT CH

RETURr_
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2. INFOUT2.BAS--Displays data in tables.

IC' REt" tP*IS prograc, Is ;QF accesslng data 411ea and Drlnting out r,ee_e_ In_r-

2" I;_FJI "Wr, at iS the 411e name and number 4or intro, information"; Fit

3., 1:_ "Wr, at is the 411e name and number 4or data"; FD$

4_'_ OF'E_ Fll FOR INFJT AS ml

5_. O_'Et_ FDI FOF INFJ _ ;4c-• #2

•.3 F'RIN_ "ALL Ir4FOF._I_TIOr, NOT ADUIRED B_ THE COMFUTER INCLUDIN_ THE INTRO-

DUF.TOF_', DATA IS A c FOLLO_'_" "

70 INFdT #I.AI.FI$.FD_3L. Nj. FR.TR.M_._.MIR.Mr._,TJR,M6JR,BFR,T_R,T6R.TTn,TB;,.-'_

T_F,.TIoR.M_..M_ jMG,p;.F,],T3,T5._b. TT.TS.Tr_,TIO,RO, RD3.V,M_J, Vj,DR,J,SF:"

BF. NOJ

_IM V{4,_, 16)

I r.'L'

I IC

I_'?

.'36 S_O_

,T.._ --_ _II:_

.-._ F,6 .[ ,t;"]

;:;% FF, I N_

_b F_: I L'7

2"7-, F'R I I_'_

-"gB F'r-. I r,J'_

-,,L,,L.FR I HI

-:,:, F'F_lN_

Z --.(. FF. I r-"T

-- PF., 1 r,;1

.'.50 F_INT

-b'" FFIt'_

4. ,*T,F F. ;t:_

4_ C F'R I r_7

44,L FR I _;_

45C' F'F:I t._

4B_', F'RI NT

4_C PRINT

5C._' FRINT

510 F'R 1 _X

5--'0 PRINT

r:_.-C F'RIN_

54C, PRINT

55_._ F'R I NT

5e, C. PRINT

57O PRINT

5E':, PRINT

5 _',') PRINT

6:,0 PRIN'/

¢,IC. PRINT

*',-'0 PRINT

b_' F'RI!41

64.. PRIN_

_,5.: FRINq

bat. PRINT

6,7r: F F_l I,F _

6B' PRINT

"The name .o¢ the .Intro. _n4ormatlon 411e Is "FI$

"Tr,e r,am_ o( th_ da*.a 411e Is "FD$

"'l't,e C_oser, a;l,huth_l tr,¢rerr, er, t IS " AI

"'Tr,e r_ Jr, wY, icr, operational diluti_r, jets a_Dear is " JL

"Tr,e number _4 d11ut10 _, jets in o_eration Is "NOJ

"_r,e number o4 jets betwee,, operation d_lutior, jets is " NJ

"Th_ coe_u_to," gag_ p_ees_ irl m_, 04 _ater Is " PR

"Tr,_ CO_,_ustor crDss-4iO_ temperature is " TR

"Co,,,bust;o,, a:,t *low Fate xr, aft, 04 _ater dt44erer, taal Is " Mr_g,

"ruo:Ing air 41o*. rate an mn 04 _ater d14ferer, tial Is " Mt_;:::

'*Natu, al g_s flo_ rate :n a,n: 04 _ater _144erentxal 1_ " M r'r"

"_lln o jet te_,perature in degrees Far_nheit ts " T_R

'S_*,O]_ j_ 4lr._: rate It: S.C.F.M. Is " MSJR

"[= O,1,_t' ]C pri-!_ur'i lr. Ir¢c._,_ ¢- 04 Hg iS " _F'R
" TSF

"1,._]_ te.,..,_. =._._.,i - T.5;- ;_r, _=_ e_--s Fa_'i-.::',_._.t Is

"W_] ten,_; _Lu_ T_F in d_g_ees Farenhelt li " TbF

"_=l] t_.r_pe: at_,-_ T76 in degree=-. Fat-enhelt is " TTR

"I.._.'I temi. era*-oe_ T_ mr, degrees FarenhE_t Is " TB_

"'._=31 te,npe,_t_,,-_ T_& in _eg,-ee_ Fare_h_it is " T_[.

"W.]I tea,_er-ature T1,)6 In degrees Faren_elt Is " ;10_

. e_4_e e e 4_eeeee4, e ee4_e_4_e eee._4_ eagle e e.4* e_*e 4_e,_eee'4HH_ e'_ _ a_e _ _ _*"

e _ e e e4,e 4ke, e4_ e 4n_e,_.eee _ e e.4_._,e.e 4_e4_a4H, ae eeeeH, e _e e e e4Fe e. e e e 4_e *_ *4_ _a_*4_ • "

"tHE FOLLOWING V_,LUES ARE rALCULATE_ FROM GIVENS AND INFORMATIOT_ SHOW;:

A_DVE."

"COMB_STIOt_ AIR FLOW RATE: me =

"_DDklNG AIR FLOW RATE: mt =

"NATURAL GAS FLOW RATE: mg =

"TOTAL MAS_ FLOW RATE: m =

"ABSOkUTE _OM_USTOR PRESSURE: P =

"CRO_S FLOW TEMFERATURE: t =

"DILUTION 3ET TEMF'ER_TURE: tj =

"WALL TEMFERATURE TS: t5 =

"WALL TEMPERATURE Tb: t6 =

"WALL TEMPERATURE T7: t7 =

"WALL TEMPERATURE TS: tE=

"WALL TEMPERATURE Tg: t¢=

"WALL TEMPERATURE T1C: tlO=

"CROSS FLOW DENSITY: ro=

"DILUTION _ET DENSITY: ro_=

"CROSS FLOW VELOCITY: v =

"DILUTION 3ST MASS FLOW RATE(each _et): msJ =

"DILUTION 3ET VELO[ITY: vj

"DENSITY RATIO: dr =

"MOMENTUM R_TIO: J =

"GFACII4G RA_10: sr =

"ME" &g/see"

"MI" kg/Kec'"

"M_" kg/sec'

"M" _g/aec"

"P'* pa_cal£"

"T" dmgree_ kelvin"

"TJ"de_ree_ L_lvln"

,,TS,,deorees ltelvln"

"T6"degrees kelvin"

"TT"degrees k.elvln"

"Te"d_gre_s Kaffir*"

"T_"degr_ms F:_el vl r,'

"TlO"degree_ l.el _Ir '

"RO";.g/cublc m_te_ "

"RO3"l.g/cubIc me=er"

"V "meter/_ec *'

"M6J"I.o. sec "

'*V_ "m_%er /se_ "

,*D_

,,j
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T,.T FRLNI ....

7L.J F_.II. _, "THE UNITS 6ELOW ARE I,ELVIN, PSI AND METERS/SE_ONL'.'

705 F'R I r"T. ""

7':,3 F'RII;I ' "

7,14 F'RIN[ ....

7JO PkI!_T ....

71, _EIN T ,,,

7Z..' F'B Ihit "p C,z n ," raC; angle

t15'

;:< PF,.INT "

piS'

•"74... F F_iI'T,"

v15"

745 F'R I _,_T

75 : PF.;rYf

_,:.'? FD_ AZ = 0 TO B STEF AI

EIO FOF RA = _ 1"l', I STE r _-1)

82-' " GOSU_ 2,)0C'

S?.'> NE_T R_

64. _ NEXT A;

E_5.'. FO L A: = A_ TE; 1(. STE r A;

F.._.., FOr_ RA = _ TG :. ETEF (-1J

6-," G_dE :.,pC.,:

E_&,:, NEx'_ r-.A

6_: r_E_T AZ

SL.. PT_P ,_Z = AZ ?O I_- STEF A]

c_;: Fr.r r-,_ = r, "lr', : E'_EF (-I;

_: .-... NE x"T R-

_4,:- r,JE)T A:

_5 FD_ _." = A_ "TO 14 STEF AI

c_; FDf K; = _ TG 4 STEF _,-I>

_ _3::J_ :':.' : .'

r_S tJL ,.T ,,_:

] .... :. Fal,-. A: = AZ T_ I_ S'TE_ ;,i

10,10 Ft.:, 6A = _; 'T_J 5 STEF K-_.

1 C,2,._ GOSUF _m:_:,:.

1,1':._: NEXl" RA

1('4,:' NEXT ¢-,2

1_c0 ENd.'

":'(")0 ] hlFUT

ill tl_ t13 t]4

vll w12 vl: _14

#;.F'N_,RAD._NB.I(O.RA.AZ;,TII,RA,AZ),T(2.RA.AZ),7(3,R_,A2_,

_4.RA.AZ_.F'IO. RA._Z)_F(I.RA,AZ),P(_.RA,AZ),F(_._A.AZ).F(4.RA,AZ;.

VIO,R_,_:_.V(I,RA.AZ),V(_.RA._Z),V(_,RA,AZ)°V(4,RA. AZ)

2C,10 F'RIf:_ USIN_ "ll#.

2C,2,) PRINT USIN_ "##.

20:0 PRIRT USINS "###-

_C,47 F'RINT USING "#If.

_050 PRINT USING "

20_0 PRINT USIN_ "#.#_##

_070 PR1N_ USIN_ "

20S0 PRINT USING "#_.##

_09_:' PRINT

_10C PRIN_

2110 RE_URI,

D

"; PNT;

"; R&D;

"; ANG=

_.#### "; P(O.RA,A_);

"l p(I,RA,AZ},F'(=,RA, AZ),F'(3,RAoAZ)°P(4oRA,AZ);

el.## "; V(O.RA.AZ_;

"; V(I,RA,AZ),V(=,RA,_Z),V(_.RA,AZ),V(4°R_°A;);
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3. LASPLMPT.BAS--PIots set of radial temperature profiles.

I( ELE

11,, i.E, OFF

115 DI_ FNI(9,181

125 DIM AN_(_,IB)
I_ DIM T(4._.18_

135 DIM F'¢4,9.1B)

14._ _IK %'(4,9,1S)
_10 INFUT "What II the ;ntro_¢tor_ in_ormatlG_ _;lename"; FI$

410 INFUT "What Is _he 0ata 411_nam_": FD$

_I,] OFEN FI$ FOB INFUT AS #l

bl0 OFE;: FDt FOR INFUT A_ #_

_IC' ]NFUI #I oA; .FI$,F_$.JL,NJ.FR°TR.MCR.M_ R°MGR.T3R,MSJR.BF'_.T5RoTb_.TTRo3S_. T_k

, TIOR,MC°MI,MG,M,F,T,TJ,TS,T&.T7,TS°Tg,TIO,RD, R_J,V,MSJ,V_,DR°3,SF. oBF,NOJ
_15 AID = AI_IC'

81,] INFU_ "What tvp_ o_ &lot i_ th2s": PLTYF'$

B15 FD_ A_ = O TO B STE _ (A;D, IC_

E_5 G08_I 5_,0 ::

S_ _' NEX1 RA

_ NEll AZ

6_:._ FO_ AZ = AZ ]O }0 STEF {A]D. 1,],

ES/ NE _ AZ

E=;.; FDF AZ = AZ TO I_ ETEF _AI_. 10

_2 FO_ R_ = • TO _ ETEF (-1;
_m5 G08UB 5u_:,i'

B_? NE_I RA

8"] NEXT A_

_7_ F06 _ = AZ TO 14 STEF (AI_,'IO)

6?5 FO_ _A = _ _0 4 STEP (-1)

87E GOSUE 50,:,0

8B._' NEX1RA

SS2 NEXT AZ

BB5 FOR AZ = A: TO 18 STE_' (AID/to)

687 FOR RA = • TO 5 STEF (-I)

S89 SOSU_ 5v0,:'

B_1 NEXT RA

8_5 NEXT _Z

910 ELS

1010 SCREEN

111U LOCATE I, 30: PRINT "FILE_AME: " FD$
1210 LOCATE _, 30: F'RINI "MOMENTUM R_TI0: ";: PRINT USING "##.##";3

13_0 LO_TE 3, 3t': PRIN_ "DENSITY RATIO: ";: PRINT USING "##.##';OF
1_25 IF NO0 I C THEN GOTD 14_5

I_5C, IF NOJ = I THEN SOTO 1450
141C. LOCATE 4, _0: FRINI "SFACING RATIO: ";:PRINT USING "##.$#";SF
1411 SOT0 1510
1425 LOCATE 4. 30: PRINT "SF'A_ING RATIO: "|:F'RINT "N_ INJECTION';

I4_& _0_0 151_

145.11 LOCATE 4. 30: PRINT "SPA01NG RATIO: ";:PRINT "SINGLE IN3E[TIDN";

14_I SOTO 1510

1510 LO_ATE 5_ 30: PRINT F'LTYP$

1_10 PSET(75.50)

1710 DRA_ "rS_ 1540"
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l_J;. F_r` AZ = z TO I STE_ ((aiD, lOJ

I_:5 AZLOC = A-_Lr_ * I

)_ FOg _A : _ T n I STEr` (-1_

:-; ; BC, SUE. aS1 r_

,2 ._ _ .- lie, I KA

l:Z_i A2

--'_ ; A]S6 = _IS - (AID-2*_.I41592_54w.'3=OJ

2_1:. FOR A: = A; T[' 6 STEF (AID/I':'."

:_;5 ATLDC = AILOC ÷ 1

-,,1,:, FOF- R_ = c; 10 1 SIEF (-1:

:.; :.: GOSUE 1-405

33i( NE,l A2

:.-..'..., FOg: A2 = A2 TG 10 S'rEF {AID'ILu

-.-5"_ A_LOE = AZLE'_ ÷ 1

:3_:' _b$UP E91L:

:4_., FaF _, = _ TD 2 STEF (-1,

:5.: NE,': A:

_...;-.,-"-_FCF, A: = A2 TO 12 S_ZF iAlr':'l,:_

_r,-.., AZ_r.L = A;LDL * 1

:.5_ :' GE_Bd[- E'_I "

-__-. ;:_J=. F:,C, = _: TC --. ETEF I-2s

.'_75 G{J3JL I--" :tJ

-. c 1': NE:'; R;,

: -5 I.E.;_ A:

"'= _ 'I Fa r A2 = _:' "I'_ 14 _]EF (H:_. "I':'

--,i_..%L; A:LO[. = A;Lr.:';. - !

":.:"'-, FOr. _A = _ TD ; =_rE= _-i.

-"; B'.- = J: : :4"5

.... H_ "T r`;

: , .,_ 1 _:'

FGf ,.Z = ,:-Z TC, Ic £'I;-_: _._]:_ ;.,

.-''_ ,(,.,z.r_, = _2L,': _ l

-': _'_. B3c-.E E - l

D_.':' FOr-, I-A = _ 'TC_ _ STEF (-1_

-.E 2:. GaSJI 1 :'4L'5

:,E 5.1' NExT R,_

"_.$7=. NE_'I A2

4"I( ' LDCA_,E I. 1,1:'

•_71" F'SET_25,.',lR'-:':: D6A,."_. , _o UD R;OC; u:. ¢_*- u_-" L:. J": LOCATE ;3._S: PRINT"I_:J _

MA_ IZED TEMFERATUF:£ = I"

4714 LD:ATE 1.1,0

472(' Et,I£

5,;,r,3 LO:'A _ LOC, _, +]

5005 IF E0F (-"_ THEN r_O';O 0_7

_'l,:' lr,;PU'_ i12, F'NT(F.A. AZ),RAD(R;.,.AZ),AI,IG(RA.AZ),TIO. F.A,A:).T(1.R_..AZ),T(2.R_.A'--_

, 'T (.-.. RA, A: ._ , T (4, RA, AZ ) , r` (0, RA, A-" _ , F ( 1, RA, AZ) . F' (:. RA., A7 ; , F' (--., RA. A: _ o F (4.RA,AZ.' , _. :

C., k_. A: ) . '¢ ', 1. RA. AT.. ,_ , V (", RA,AZ ; , V (_.., RA, AZ) , V (4,RA,A:)

_EI:: FOr` THETA = 0 TO .174b STEF ((1/3_0)e2_:.1415_;-"654#_5

_._IC' XEOOF: = (THETA-3_S7.2_5779='I#_ ÷ 75

T," 1,.' P._E'T lxr'ooF., IA&, "

";110 F01'_ AIS = P, _C; .|_4". STEP (AIDi2e_.I41592654#,';¢0:

7._i0 ),"I = xr"{3OF,, E

?.-..I',) Y7 = _1_/8) ÷

;41:; IF AESITHETA - AIS),.001 THEN DRAW "u11_ _I!6": LOC_TE YT. X3: F'R:.'J_ AZL F-r-:

"_'¢=_11=,'l(.,(')*tlO0-RAD(RA.AZ;)+50;:XV=(-I'3OC**(T(2,RA.A:_-T', (TJ-T;_'IXCODR,IF=,L!

X'.'. ;",.' _ : F'SE'T CXV, YV-I ) : F'SEI (XV, YV"1 _' : PSE'}" (XV÷l, YV) : PSE'T I X'J-I. Y,',

7510 NExT AIS

?=I':' REM 16_ riprllle_ts starting ycoDrd at 50 plus tr.i_ prirr, ar_ :=n_. wzI=th o_ 5.::

tzmes its _zght:ng #actor _(



185

"7715 THETA = ."_179_4

_¢I'J FOP: XHETA = THETA TO _.._1415_D654# STEF (5*2-3.14159._=54#,'360_

R; I,-:_LFHA = ATN:DELTA/((I - DELT_ 2)"'.5))

-_-'!.5 E "- (((1.'..r'D:_:THETA).CDS(THETA._ + BI*CDS(ALr'H- _...... "rHFT,:' :'._ "],'._.',3_~ :F.

I;:*_I_;_'IHE'I_,; + BI_'OS(ALF'HA)_SINITYL-. "r_. .'} '(TAt,':-"'r"[A'_'":(THE_ :- + : .-"

:._-16_ A = B_TAI;',THETA:

c.,41,: X = ((A - 13't'?"-" .... ETA?)- _ _I_ _ _"*SIPt(TI-L"TA.I)".'Z - _'_._7".":'I

_;5"'" ', _-'. - ;x - ".?'"_:" ..t
q=' ' "X _ + "'?.'.5

r-:> _..%-- - (Tt_ET¢-T-57.._._'7_51#: 4 7."

9S_'" ",'7"T_, = (L - 3b)_-" * 50
.... , v." = '_"--"0_ - 5"'

:- ?..,; I:.$'r'_IXZ_fr,VPC_,

l':;i' FO _ c.;S = _]g'- TC _.14" ._'r.EF (#._D_Z_.:415_-_b54_,'3_:'?)

IC."." YT = Y__Or','_

""-+.'r. Y'r = (YCO_-. "S: ,4...,,

1L,_:", IF AZS(THETA - A]- c .,J,Tl "IHEr,; DRAW "u=,,,,c| _=yc:"-" L0r'ATE Y'I.XT: g'Rll.JT AZLu
f':THET¢ = THETA "+ .(_BT"_,",,".4,',_#:_,";T£J 10_""0

](:5]( NExT A]S
: "'--I" NE;_' _HE_A

: " '-.',i, RE TUr.:t,_
IL-_+.:5 ",",,':, (11e: _.-.O_e(I+..O-R,_[':_.&.A-+_;+5OI'XV=(-(3OOe(T(-',RA.¢.+Z)-'F), (TJ-T_)+xro_)r-.

:FSET :X,. ¢',.'}: PSE_ (;','.'.Y',-;s:F SE"f tX',.'.Y'."I > :I:SET (XV-',-I.Y',,'): FSE'T (Xv- I. Y',.')

1."4 ] '1 RE TOt- r_
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4. LASPLMPV.BAS--PIots set of radial velocity profiles.

1 ," r__

115 _11 : Fl_] _.1_.

1._=_. I_:M ANS:c,. 16;.

1",¢ r.lt_ T_4.&.IE;,

1-',5 ;',Ill F(4.c¢.1_:

:1> ll_FL_I "What Is tP, f_ Introouctor_ ln4Drmatior, _ller.ame": FI$

41,' IN_LI_ "What is the Oata (ller, ame"; FDI

LI< OFEI_ FII FO_-. INFO_ AS" #1

6,10 Ot'E'J FDS F_F, INFiJT A:_ #_.

? ILs I ;_" L;T # ;, A I . F I I. FD$. 3_. N_, F_. TF_, M:R oMtiR, MGR ° TJ_. MSJF:. BPR. TSR, TbG.. TTR. TB_ •T_!,

TIOF ° M_, M_ .M_. M. F .7, TJ. TS0 T_,, T,". T_. T_ ° TIO_ R_, RGJ ° V, MSJ, V_. DF_. J, SE, _P, NDJ

71,% AIL = AI_IC_

E;.:_ INrJ'_ "What t_pe o_ ploL is this"; FLTYF$

E.:5 FOF A2 _ (, TO c_ _T=:. (AI_. 1_)

r.--_. GC;SL;E 5 > >.

E "3.." f4_->_ f,_

B_ =, NE _ ]' A_

E.,5 FGr- _.,'- = :. 'l'b _. r-TE_ i-l._

_--_. F.J_- A: = _i 1,_ 1_ ETE _ ,A._T ;. ,

E,:,- FOF F,., : c; "rE. S ._TE= (-Is

L=_ G_SU_ 5u:. ....

8"c1" hlEXT AZ

$7_ FOF. AZ = A7 70 ]4 STEP (AID,'30)

_75 FOR RA = _ TD 4 EIEF {-1)

E-_. GOSU6 500,>

E'8.: NEXT k_

GE_. NEXT A:

G_ FOb A_ = (aZ TO 16 -CTE= (AI_.'IO)

8S7 F0F RA = _ TD 5 STEF (-1)

B_ SOSU_ 5'J';','_

S¢I NE_T RK

8;3 NExT AZ

• I0 CLS

|01C' SPREEN -_

1110 LOCATE I, 30: PRIIJ_ "FILENAME: " FD$

I-_I0 LOCATE 2, 30: PRINT "MOMENTUM RATIO= ";= F'RINT USIN_ "##.##";J

1310 LOCATE _,_ 30: FRINT "DENSITY RATIO: ";: PRINT USIN r_ "_#.##";D_

I.'-_5 IF N_3 = 0 THEN GO'T0 14-_5

1350 IF NOd = I THEN P_.TO 1450

1410 LOCATE 4..3C,: F'F.INT "SPAEING RATIO: ";:F'RII_T USING "#$.##";S_

1411 _OTD 1510

14_5 LOCATE 4. 3C_: PRINT "SF'A_,ING RATIO: "_: PRIt;T "NO IN_ECTION";

14-'¢ r-D_O 1510

145._' LOCATE 4. 30: PRINT "SPACING RATIO: ";: F'RINT "SINGLE INJE:'TID_";

1451 GOTO 1510

15.u LOCATE r,._ ._0: F'F.1NT PLTYP$

l_,IO F'SET i=5,50)
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1:_1:7 FDF. AZ = 0 To 1 STEF (AID.,10_

1S15 AZLOC '= AZ_.DC. * 1

1-911.'. FOF RA = 9 TO 1 STEF (-1)

_,.,; _1_ GOSUE _=81"

5;,. 2_., I',IE _'T RA

"" i NE:,7" _i
"'El 1_ AI_S = AIS - (AID*2*:.1415_54#.'3o':)

-_'-I':'FO_ AZ ffi AZ TO B STEP (AID 1C';

2-15 AILOC = _ZL.OC + 1

--'ct"O GDSUE B_'lO
:a:l:, FO,_ RA = 9 TO 1 STEP (-1)
:11,.' GOSd_ 12405

",: ; ,.) NE)T RA
.-..'.1'o' NE×'I AZ
.,_=,.,,., FOr., _7. " A-" "[0 10 STEF (_ID, 1'._)
::=_ AZLOC = AZLD_ + I

_:,-;.0 GO6UI- 8_ 1 ,..
._41,:' FOF, R_ = 9 "T0 : STEF (-I_

D45:, GO3UE" 12405
_47_, NE>._ R,:"
?..b,_," NE_'r AZ

._.,.J'='_ FO_ A2 = _2 T F 1; STEF (AI._. tO/
--,,5-'-.1, AZLOC = AZLC[ + I

D55,1 FOr- K,.,, = _ TC_ :, STE r (-IJ
:575 SOSUE ::,4-:5

-._ : ,:, NE_T F.A
D:25 NE)I AZ

:r.,_' F_. ,-,'Z = AZ T,-. 14 STE _: t_]T.')O_

-b5 _. _ZLOE = "-2LO[- "" 1
S.=:=_., Gr,SU_ 8_ 1<

-'--5, FD_ F:; = _ 'TO 4 _..TE; (-1)

:': i : 5D[.._I ; "&,:L

7- .:_. t.([ - ; _-,_

-T?5 FO;" A2 = A: TC I_ S'_EIr (,_IZ i,:,
:.7_,: AZLO:-. = _.:'U_,'- -
':. 7 c,,. , GD_U_ 6_'1 <'

3625 GOS_l 124,>5
_850 NE)T RA

D875 NE_ A:

471(' LOCATE I. 1."

471:: FSE_ (35C'. 19C') : DRAW"_ Oc=

47_(, END

5,000 LOCA = LDCA +1
5005 IF EOF (_) THEN GOTD SS7

u_ R25 u_ d& uD L25": LOC&TE 2_.Z8: F'R1NT"NOKm_

5010 INPUT #2, PNT(RA.AZ>,RAD(RA.AZ_,ANG(RA.AZ_.T(O.RA.A2),T(1.RA.A_,T(2.RA.A:.

_T(_RA_AZ)_T(4_RA_AZ_P(_RA_AZ)_P_RA_AZ_P(_RA_P(_RA_AZ)_F(_R&.A_;_!
0, RA,AZ),V(I,KA,AZ).V(_,RA.AZ},V(_,RA.AZ),V(4,RA,AZ)

502<' RETUR_

_810 FOR THETA = 0 TO .174b STEP ((1/360)-2-3.141592654#_5

6_1(, XCDOR = (THETA+3*57.29577951#) + 25

7(,1,:, FSET(XCOOR, lb&_
7110 FO_ AIS = 0 TO .174b STEP (AID*2*3.]415_2&53#/SbO)

7:i0 XT = X_OO_'B

7_1,:, ¥T ¢ (Ib=/S_ + 2

7410 IF _BS(THE_A - AIS)..OO; THEN D_W "u]16 d11e': LD_ATE Y_. XT: PRIrJ_ AZLO£:

tv_i_/_)*_-RAD(RA_AZ_)*5_((_A_A_/v_-_)*_5_÷XCDCF`_F_L_Y._

;:PSE_XV.YV-I):PSET(XV, YV÷I):PSE_iXV-_,YV):F'SET(_V-I,YV)

751_, NEX_ AIS

:.b]O REM Ib6 represents starting t'coor_ at 50 p]us t_ prlmar_ COne .;_th o4 5_

times its Neight_ng _actor o+ 2
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T_15 THEIA = .'_,_179'_4

7720 F<E T Ur";_4

_91. t F0B THETA = "rHETA TO .-. 14159--',:-54# STEF (SweDeC. 14159"b54#.'36 r')

901'" DELT" = tl.'.*(l - EIN.'THETA_)/BI)

CyII'. ALFH_ = AII_(DEL'IA. t_l -- DF..L'IA _J" .5)J

S'_i'., 6 = _(I_-..e_OS(THETA_e."DS('IHETA) w. Bler'0S(ALF'HA)e"O_THETA))_ * (1-..eCO_.:'_4_

-IA.,_c. INt'IHETA" • 81*"0S_AL::'HA_eSINtTHETA:)^2 )/(TANiTHE'rA;eTA:4i'IHE'IA} ÷ l)) .5

c.T.:C, A = BeTA.*4(THETAJ

S41,'. X = ((A - 1,Z,eCOS(THETA_;'"" + (I" .4, I_e__IN.:THETA._) "-'- - 6=_2:/Db

951!1: Y = (b5_..I - (X - 1-'.) _)_ .5

_.'IC' XCOD_ = (THETAe.-.,.57.29577951#J ÷ ?5

S'61,. 'fCOCF = (L - _,b_e" .e 5J

9"-'.1C y[ = ycrj3_ - 5L'

1 ,:..'(' : C: F'SET _X [,.,006.. YEOOR

1,"11'i; FOr-: AI_ = AIS_ TO :..14D STEF (AIDe-"m-',.14]5_2a 54#/3_C_)

IC,;'I(_ _'I = XCDDK,'_

I "'..1'_- YT = (YCOOR.'S_ *_

1041'i IF AI_5(THETA - AIEI .0C'i THEN or._a_ "u=yc; cl=_,c=": LOCATE YT.XT: PRINT AZL Z

C:-tHE'rL = THE_,A * .(._?._bbq_'_=#:GO'ID 10,_'_Q

I051C' NE;_'I" AI:

1('6]C: N,F.-._'T "IM_"IA

1 _'-'" _ _. RE'T LJRI.

124,75 Y'_'=t;.llb'I'-"'J'ell"_'-F_AT"'RA_ A_)'_5('):X''=((l(V(2"NA'AT:/V)-lle25"'_COOg::;FSL':

( .t,w, v',.: : F r-.,E'T:..r'_',yV_ 1 ) : F'£ET _;.'_',YV- I / :PSET (XV_ I • Y'J) -"F'SE'T (X'J- I ' Y_'_
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. LATPLTES.BAS--Plots all rake temperatures laterally
for a given azimuthal and radial position.

IC, rLS

2,_ SCREEN __

:C. Dim PNT(9.1B)

40 D-'M RAD_9.1S)

50 DIM ANG(9,1S)

b(' DIM T(4.9,1B)

70 DIM F(4,9.16_

Gc, DIM %'(4.9.18;

90 II4FUT "STATE INTRDDUr'TOFY FILENAME IN QUOTES"; Fl$

100 INF_JT "STATE DATA FILENAM£ IN QUnTES"; FDI
1]0 OPEN FI$ FOR 1NF'UT AS #I

I-_,:_OPEN FD$ FOR INPUT AS #Z

1_:' INFUI #I.AI,FI$,FD$,JL,NO,PR.TR,Mr'R,M_:R,MGR.TOR,MSJR,I_PR.TSR,TSR,TTR.TSR,TgF

, TiOK, M_., M_ , Mr-. M. P, T, T J, TS, "rs, T7, TS. T91TIO, RD. ROj, V, MS3, Vj, DR. _. SR, BF , NDj

14.:, INFLJT "WHAT TYPE OF PLOT (lateral velocity or temperature)";F'LTYF'$

145 INFUT"WHAT RADIAL PDSITION IS DESIRED(9,B,...I)"; RAP

14:" INF'dT"WHAT AZIMUTHAL F'OSITION IS DESIRED(16,1b....2,0)"; AZP

14E _LS

14¢ LEY OFF

15," F06 A-" = 0 TO S STEF A]

1¢r-, FOr: RA = c TO 1 STEP (-I>

17,: 80SU_ 5000

IS':, NEXT RA

1_0 NExl A."

Z"::' FOK A2 = AZ TO ],:, STE_: AI

Z1: FOP RA = 9 TO 2 STEP (-1)

_2C, GOSU6 5000

-'3_> NEXT RA

_:4_1 NEX'T AZ

-_: FDK AZ = AZ T_ I"- STEF A:

:c: Fr,_ RA = _ T[ - STEr (-I

L T. GO-"Uf. 5- ..':
:_,B. NExT RA
:',.?:_ t_IEx't AZ
:':,:;FOP A: = AZ TO 14 STEP A]

:I'.: FO_ RA = 9 TD 4 STEP (-1_

32':' GOSU_ 5,:IC,,:,

_3'._ NEXT RA
_40 NEXT AZ
_':' FOR AZ _ R2 TO 1B STEP AI

5bO FQ_ RA = ; TO 5 STEP (-1)
:70 808U_ 5000

_BO NEXT RA

_ NEXT A2

aO0 LOCATE 7.45:PRINT"FILENAME: "FD$

410 LOCATE 5, 9:P_INT"MOMENTUM RATIO: ";=PRINT USIN_ "##.##"; 0

4_0 LOCATE a_ _:PRINT"DENSITY RATIO: ";:PRINT USING °'##o##";DR

430 LOCATE 7. 9:PRINT"SPACING RATIO: ";:PRINT "SINGLE IN3ECTION";

44_ LOCATE 5,45:PRINT "AZIMUTHAL STATION: "; :PRINT (AZPelO)::PRINT "DEGREES":

444 LOCATE b,aS:PRINT "RADIAL STATION: ";:PRINT ((RAP _.5)*IO);;F'RINT "UNITS";

450 PSET(296.176):DRA_ "r192 1384 r192"

45i PSET (25°17_): DRAW"u96 r4 18 r4 d96 _4 18 r4":PSET(29&,176)
45_ DRAW "I19_ u5 _5 r96 u5 _5 r192 u5 d5 r96 u5 d5 1384"

4_:, LOCATE 24,11; PRINT -7.14:

470 LOCATE 24,=:: PRINT -3.57;
4_0 LOCATE 24,37: PRINT O!
4;':, LOCATE 24,47: F'RINT 3.57;
500 LOCATE 24,59: PRINT 7.14;

51,) LOCATE _5._7: PRINT "Initial Jet Diameters";

55_ LOCATE 9,1: PRINT"NORM. TEMP. = 0.5"

5oC PSET(296,17b)

5=i LOCATE 1,1
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50 '0 INF Jl" @2. F'NT (RA, AZ _ . RAD(RA,AZ } .ANG (RA,AZ) ,T (O,RA,AZ) ,1 (1, R_,AZ) , T (.'.RA. A7 . .

(-. R_. AZ) , T (4, RA,A- _) , F" (0,RA, AZ) , F' (i,RA, AZ _ ,F (_", RA, AZ _ _F (_,, RA, AZ ) , F" (4. RA, AZ _ ,V ',¢

, r_A. A: }. V ( 1_ RA. AZ), V (2.RA,AZ) 0 V (-_, RA,A:) , V (4,RA, AZ_

5'_ 10 IF F,_,:F_AF AND AZ_AIF" THEN EDSUB bOO0

5'.'_" RE T UF_T.

b,..,0 x_-c'nB:=lO4: yr'DOR=(17b-i19_*(T(O,RA'AZ)-T)I('f']-'f))): F'SET(XCDDR'YrDoB):DRAk

"u" d4 u-" r4 1B r4"

_,'_,.; XCr,0F_=_L<;: yCDOR=(17_-(19-_*(X(1,RA,AZ )-T)/(TJ-T})): F'SET(XCDDF.YCDO R._:D_:'_"

u'- (_4 u2 r4 1B r4"

bC_-' xC-0D_=_ _.'o: YCDOR: (17'-- (19"* (1" (_.,R_..A._)-T) / (T0-T)) } : F'SET (XCDOE.YCODR_ :DR;_'

u_. 04 u_. r4 lr _ r4"

bC_0 XCOOR=_- _: yc'0C)R= (17b- (1_2* (1" (3,R_,AZ_-T) / (T_-T)) ) : PSE; (XCDOR, YCDOR) : DR_"

u_. 04 u2 r4 IS r4"

b';- _., XC00_=48_: yCODR=(;7_-(I_:_(_(n. RA.AZ)-T)/(TJ-T))): PSE_(XCD0_._'CDDR):DRA_'"

u-" _4 u2 r_ IB r4'

_::)5_ REIURN
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6. 3DLAT.BAS--Plots laterally all rake temperatures for all
radial positions at a given azimuthal location.

IC rL:
_"C INF:.'I "Wr, at a:2_,uthal location"; AT]

3C, DIM _ {9)

4,:: £'1_, x (T,)

;I( FE, OFF

11S DIM FL.tT(_.ISJ

I_L E'.T.K RA_(¢.IE:

125 tim ANG'_',IS;

l_f' DIM T'.4,_,IB)

I_5 DIM F_4._.IS)

14,:, I_Ir_ V(4.9. 1S_

_]C INPUT "Wr,at Is the imtr_d_cto,'_ informatlon (ilename*'; FI$

41(_ INF'UT "Wr,at Is the :ata filename"| FD$

51,-, DFEIQ FII FDF INPUT AS #1

bIC, DI:'Et, FDI FOF INFUT AS #2

71 _._I I_F'U'_ # _ .A i. &"I $. FD$. O_ •NJ. FR, TTR. MCR, M}.R. MGR. TOE. M_3R, _F'R. T5R, TAR. TT-R, TBR. TT_F.

TIL,F,.MC.M_ .MG.M.F.T'.I_TS_T_'-T7.TS, T'_,TIO'RO'ROJtV'M'-J_VJ_DR' J" SR'BF ,NOJ

_15 A-_£' = AI_1':'

S;'] INP'UT "What typ_ O( plot II th_s"= F'LTYP$

$15 FOP" AZ = (, T_ B S'1'E_ (AID,'IO)

6-'_._ FOF- RA = S 1[J I STEF' (-I. _

S.5 GZ,6_'_ 5..,,,

E'.J NE_'_ RA

S:-', NE,_ A_

E,4, FO_ A2 = a_ TO I,12 STE; (AID.'IO_

$4_, FO_-, RA = 9 TO -" STEF (-1)
i:5,L GSS.Jb _ _"

$5 __ NExT KA

6= ';_"- ,_ : aZ IL, I:" S_--'F (,,,,_Z_:"

ST. t'_E> _" A:
ET- FD'_ A ? = aZ TO 14 STEF ,_AI.T.;/IO.'
S.5 FDF, RA = _ TD 4 STEF (-1)

S'E SOSU_ 5,L, i;0
SB,_ NEXT RA

86_ NEx_ AZ
S_S FOr. A: - A." TO IS STEF' (AID'TO)

887 FOR RA = • TO 5 STE_: (-1)
BS_ GOSU_ _UuO

8¢.1 NEXT RA
B_3 NEXT AZ

910 CLS

1010 SCREEn. 2

1015 LINE (50.190) - (50.110)

10__0 LINE (50.110)-(35').30)

10_5 LINE (350,3(_)-(350.110)

103C' LINE {35U.110)-(50_190)

1100 LOCATE 4,4B: PRINT "INNEF WALL"
111u. LOCATE 14.50: PRINT "FILENAME: " FD$

iI_5 AZII = AZl*lO
11._c, LOCATE I0.50: PKZNT "_IZIMUTHAL LOCATION:" AZ1T"DEGREES"

1__10 LOCATE 11,50: PRINT "MOMENTUM RATIO: "|: F'R1NT US1NG "##.##":a
1:10 LOCATE 1=,50: PRINT "DENSITY RATIO; "|: PRIN'_ USING ,,t_It.lt#";DP,

1315 LOCATE 20,45: PRINT -NDRMALIZED TEMPERATURE _ 1"
13_: F'SETt300,1_:5): |DRAW "U3 Db U_ R300 U_ Db"

1.':'5 IF NOa = 0 THEN GO,TO 1425

1"_,,_ IF N_J = 1 THEN 80'1"0 1450

14_0 LOCATE 15.502 PRINT "SPACING RA_IO: ";:FRINT USING "##.##':$6
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14._ LOCATE 13,50: PRINT "SF'AEING RATIO: ";:PRINT "NO INJECTION";

14"--_ ,_T_ 1510

;45.1 LOCATE 1_.5C': PRINT "SPA_.ING RATIO: ";:PRINT "SINGLE INOECTION"|

1451 GO'TO 151':_

_i_'_ REI_ r,o_ continue wlth data plotting

_=IC" F'_-E _, {81,.102)

I_i_ Y (_"=i -12

Ib2C LIrl = 1

l='_ )C' = S::'

I¢:Z:_ IF AZI = 10 THEN LIM=

I___7 IF A?I = 1-" THEN LIM= 3

Ib_ IF AZI = 14 THEt" LIM= 4

1_2_' IF AZI = 1_ THEN LIM= 5

Ib3!Z' IF AZI = IS THEN LIM= 5

Ib_5 FOR LAT= 0 TD 4 STEF 1

1_4,. FDF. RA = 9 TO LIM STEF -1

I_45 VALUE =-300*((T(LAT.RA.AZI) -T)_ (T3 - T))

]e5,1, IF RA = 9 THEN GOTO 1&55

lb_-" OOT0 1 b=,(,

_(_55 X (RA_=XC' * VALUE: POET (X (RA) ,V (RA:) : DRAW"l=value : "

lb_T GD_D Ib_--.

1_o'i' X iF_A) = X0 "_" VALUE

Ic_C_ PSE'II.(X(RA).', (', (RA)))

_bT_ LINE ((X(_ _ I_).(_(RA + I)))-((X(_A)), (Y(RA)))

lee IF RA =LIM THEr J DRA_J "L = VALUE:"

IbC-T ¥(_- 1; m ¥(F_A_ ÷ Iu

Ibm'- NE _.'I RA

laET FSE'I (x,:,. Y (9)) :DRA_ "dBC' ue "_''

1_',:1,., X,:: = XJ • bL.

17,1,1 IF LAT = 4 THEN GDTO 17,1"_

I?,1': F SET_X':. y(_?):DRA_. "_E'-' uSC"

IT:-. F':-.ZT (_(F,A +!_, _ {R,_'I_''

_?, Z, NL "_, L;'-

4"';¢ _--]L i.I.;:

4"2_' E:_:

5_,.T;, LDL_ = LOCA _l

50'.5 I_ EOF(_) THEr_ B0_0 6_7

_:I., INFU'F #:o PNT(RA.A_°RAD(RA,AZ), AN_(RA°A-_)°T{0'RA_AZ)_T(I'RA°AZ)'T('_°RA'AZ

,T (-., RA, A_ ; .T _4.RA, AZ _ , F (0,RA. AZ) ,F'( 1 .RA.AZ ) . F' ¢". RA. AZ ) , F' (,_ RA.AZ) ,P (4.RA. AZ) .'.

U, RA,AZ ; . V,,I,RA.AZ ; .V(-_.RA. AZ) , V (_,RA,AZ) .V(4,RA, AZ)

50"C' RETURt"
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APPENDIX 5

ERROR ANALYSIS

This error analysis is based on the approximation that error

can be estimated using the first term of the Taylor Expansion.

Sources of error in this experiment are from:

thermocouple

conduction

pilot-static tube

flow fluctuations

Doric temperature indicator

Setra Systems transducer

Tecmar A/D board.

I. Temperature Error:

std. dev. ]8cr)_ t'
- ouu ._ Conduction error ._ Thermocouple error

8(T)
T 1.2]= 100 _ -t 0.18 + 0.75 = I. 13%

Fluctuation must Include Doric flow fluctuations and A/D

board.
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2. Pressure Error:

ard. dev. ]
- u. uu4 ÷ pltot-atatic error

O(&P) = 10018x1061
Ap L'575"_'j * 4 = 4. e_

Fluctuations seen in standard deviation must include Se-

tra transducer, flow fluctuations, and AID board.

3. Error in Velocity

Since velocity has multiple components, each having some er-

ror associated with It. the Taylor formula will therefore be used:

1/E

= [2AP
v= ]

where V I. Pi are "local" quantities.

where P
arm

Pcomb

P Patm "_ Pcomb

= atmospheric pressure

= combustor pressure (gage)

1/2

.-.V 1 =
2_P

Petm ÷Pcomb
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Using the Taylor expansion formula, and taking the absolute

value of each term:

_= v[..>. °.... ] . v ...

+ "_ 8(Petm ) * -_ '8Pcomb

After carrying out the differentiation in the first term. and multiplying

by 1/V and 8(6P). on'e gets:

1[ 2RTI ]
O(&O)

"2 Oatm ÷ Pcomb

2APRTl l
Patm _ Pcomb J

1
-_.O( AP)

AP

Similarly. term two becomes:

'_ 8T.t = --

I
8T i

T i

Similarly. term three becomes:
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I

1[ a.__V.V0(Patm) ] = 2 0(Patm)V aPat m Patm t. Pcomb

Similarly. term four becomes:

1[ aV O(Pcomb)] ='ClPcomb

1
0( Pcomb )

Patm 1. Pcomb

Therefore. uncertainty in velocity is

1 ro(AP o(r,) O(Patm) • O(Pc°mb) 1

Patm Pcomb J

O(AP)
&P

= 4.2% from above

0(T 1 )

T!
= 1.13% from above

Combustor and atmospheric errors are estimated by how well

manometers can be read. The barometer is :_ 0.01 Inches Hg.

The combustor pressure manometer is :1: O. 05 cm water. This gives

O(Pat m) • b(Pcomb )

Patm 1. Pcomb

0.01 • 0.0014 Inches Hg = 0.04%
291.0.06 Inches Hg

Therefore

114.2 t- 1.13 • 0.04]
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4. Error In Momentum Ratio

B....VV= 2.7%
V

where

j = P/ _JJ where p.V are cross flow conditions

pv2

therefore,

J z

(_1)2 p A2TI

(t_) 2 PI_jT

Use this expression for J. and write the error equations as

follows:



+ mwo__.,_e+ WWLL = d
WWl mm_ "0

dl_/Og "l !w1_t_0"0 = =
_/dogo "0

:selluleueoun Pelewl_$3

le] P1 (1)g(1)----_= FE T

', [ _--= (ll)g
(-/1)g pe J'["

= ( )g
(ld)g pej L"

a [(a)g de] r(a)---_= ?-_ T

( w)O8 = ( .w)O T
e

'+ [= (lw)g P
(lw)g3 - rejT

:SUOllelnOlRO JoJJe _lOOle^ eq3 Ul se 3snP

r[ _r[(-)__]T+ ('-)_ +PeJ_"

(Id)g ld_'P Ppej-_+ [(d)g -_.ee]_ +

861
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p O. 01 Inches Hg 1ram = 0.0438
= 29 Inches HO + 23m"---'m

1
T I = _ + 0.0075 + 0.00025 = 0.0096

(DORIC) (T-C) (TECMAR)

T= I
i--_ + 0.0075 + 0.00025 + 0.0018 = 0.01040

(DORIC) (T-C) (TECMAR) (CONDUCTION)

Add all of the above according to the Taylor formula, but using the

sum of the squares for a less conservative estimate to get

OJ
m= :1: 18%

J

5. Error In Density Ratio

Dr =

8(Dr) I [aOr ] I rSOr
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1 a[_./.O(T/)] + 1 [._, _ LaTj _ O(T) ]

O(Dr ) OPi OTi

Usin 9 values from the momentum calculation

6. Error in Tau

O(Dr___.__)= + 6.4%
Dr

where

T 1 - T 3

"r = T2 - T3

T 1 = Tit

T2 = T i

T3=T

= "_ O(T 1 ) ÷ "_ O(T 2) * _ O(T3)

Carrying out the differentiation:

O(T1) O(T2)"1 "3 T2"T3 [ T-'-_3 T2 -T31 l= _---_--T- + ÷ 8(T 3)

For conservative values, take
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I T 1 - T3 I= 150 K

IT2 - T3 I= 3SOK

T i = 500 K

T2 = 300 K

Recall

T 3 = 650 K

O(T I )

T. I = ± I. 13%

O( T2 )

T2 = ± O. 96%

O( T3 )

T3
= ± 1.04%

This gives absolute errors as:

T1 = :I: 5.65 K

T 2 =±2.9K

T3 = ± 6.75 K

As a Jess conservative estimate, the square root of the sum of the

squares of the terms in the Taylor expansion gives:
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7. Error in Gamma

8('r)
_= ± 6.5%

"r

(+ 3 data point widths)

], a,

Recall

8_, 0( V 1 )m = -t- O(V)

"y V l - V V l - V

8V
m= 2.7%

V

Representative values of V. V l are 8.15 m/s

Using a less conservative estimate of the square root of the sum of

the squares to get

8'y
m : :1: 6.6%
,y

( :1:1/4 data point width)
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